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INTRODUCTION. 



Of the many inventions which have tended 
to benefit mankind, and to administer to their 
comforts, perhaps no one has been of much 
greater utility than that which taught them 
to procure artificial light, for supplying, in 
some measure, the place of the sun, dur- 
ing the time that he is sunk beneath the 
horizon. 



From the earliest ages we have accounts of 
fire having been used ; and it follows, in con- 
sequence, that from time the most remote, 
man has been able, by means of it, to make 
the hours of night more cheerful than he 
could possibly have done had he been un- 

b 



VI INTrODCCTION. 

acquainted with its use. It would be useless 
to inquire how it was first obtained, tor al- 
though the inquiry might be carried to 
great length, and with much ingenuity, it 
could be but theoretical ; and were such in- 
quiries pursued by a hundred philosophers, 
it is probable the results would be numerous, 
and perhaps not one of them perfectly 
correct. 

Whether, in the first age of the world, man 
was accidentally led to observe that the fric- 
tion of one branch of a tree against another 
generated heat; whether he found that by 
the collision of hard bodies, sparks of fire 
were produced ; or whether it was not first 
kindled by the lightning's blaze from hea- 
ven, by the very hand of Deity, and care- 
fully preserved till the human mind had 
become so enhghtened as to be able to pro- 
cure it from bodies where it was latent, the 
outward appearance of which exhibited no 
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marks leading to expectations of finding it 
within them, is not the subject to be inquired 
into. The speculative mind miglit find much 
amusement from its endeavours to establish 
the feet; but, luckily for mankind, the age 
of theory is at an end, and experiment ha» 
taken place of it. We no longer take for 
granted the different hypothetic systems 
which have existed without bringing them to 
the test of experiment. We thus know how 
to detect what is false, and to estimate the 
value of truth ; for experiment builds upon a 
sure and safe foundation. 

By carefully pursuing our inquiries, whilst 
making actual experiments, we can hardly fail 
to obtain the knowledge we may be in search 
of. "Wise men in former times lamented toob- 
serve the adorations paid to hypothesis whilst 
experiment was neglected. They anxiously 
exerted themselves to introduce the latter, 
and their endeavours, though not io their 
b2 




own day, have ultimately been crowned with 

success. 



■ Wliilst in rude and uncivilized countries 
man sinks in the scale of being, we find, in 
those where science has shed her rays, the 
mind expanded, and the faculties so en- 
larged, that, were we to compare an en- 
lightened philosopher of the present day 
with the uncultivated savage, we should 
pause, with astonishment, to observe what 
culture can perform. But, for our greatest 
improvements in science and the arts, we 
are indebted to experiment. — Let us turn 
our inquiries whatever way we please, we 
shall find it has been resorted to. In the 
science of chemistry what has it done? In 
little more than a century it has dispelled the 
dreams of alchymy, and supplied their place 
by sober researcli : it has stripped that sci- 
ence of the jargon of unmeaning words, and 
so simplified its terms, that, what was once"a 
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dry and barren study, occupying the whole 
period of a man's life, without much real 
profit in the article of useful knowledge, has 
become easy, delightful, and instructive to 
almost every class of society. 

But, to return to the subject of artificial 
light : — we shall, on inquiry, find, that, in 
uncivilized countries, where travellers have 
had opportunities of making their observa- 
tions, the means for procuring it, which are 
most generally known, are the rubbing pieces 
of dry wood briskly against each other ; thus, 
by friction, obtaining what is much more 
easily procured by collision, and still more 
so by chemical preparations. 

When the destructive effects of fire-arms 
were first witnessed by the inhabitants of the 
new world, we are told that they looked upon 
the men who used them as more than mortal : 
■^th what astonishment would they have be- ' 
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held au European obtain lifi;l»t by means of 
a portable fire-box ! aiid to what pitch would 
il have been raised had it been possible to 
have introduced them into a theatre, which, 
as if by enchantment, blazed forth in a mo- 
ment with ten thousand lights, and in a mo- 
ment was again almost in utter darkness I 



If we look at the blaze of wood (the only 
artificial light known to the rude and un- 
cultivated savage, and compare it with the 
light emitted by a tallow candle, we shall 
observe how far the use of one exceeds the 
other ; but, going a step further, by com- 
paring it with the light which is obtainable 
by means of coal-gas, the disparity increases 
to a degree ahnost beyond calculation. By 
reverting to the time when, in this metropolis, 
the rush-light was the most improved arti- 
ficial one known, and comparing it with the 
lights which are now to be found in almost 
every house, we see how much has beet*; 
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done in our own country ; and is it not 
reasonable to expect that other nations will 
ultimately be equally enlightened ? The 
steps leading towards improvement are not 
always rapid ; but, when the search is dili- 
gent, constant, and persevering, it must un- 
doubtedly be found. 

The subject of the following pages, which 
treat of the theory of the production of 
artificial light, — the cost of various modes of 
obtaining it, — the natural history of pit-coal, 
— its various combinations and uses, — toge- 
ther with its application in the production 
of carburetted hydrogen for the purpose 
of illumination, being the result of experi- 
ments, in the large way, can hardly fail of 
being useful. In no part of them has the 
author lost sight of those experiments which 
he has made, with the greatest care and 
attention, on the generation of gas. He has 
looked, with the most scrutinizing exactness. 





at the expenses attendant upon the various 
modes adopted for the distillation of coal ; 
and, as it has been his duty to attend and to 
report upon the experiments made, for the 
pvirpose of ascertaining which is most likely 
to answer the purpose of the manufacturer, 
the information he has gained is such as 
actual experiment alone can give, when con- 
stantly pursued for many months together. 
In vain may it be attempted, by experiments 
made in the small way, to come at any thing 
near the truth ; for when those experiments 
are brought in comparison with the larger 
and more extended process, experience has 
taught that no dependance can be placed 
upon them. 

Whilst paying attention to the retorts, and 
the best mode of working them, he did not 
neglect to observe improvements that might 
be made in the different adjustment of pipes 
leading therefrom, so as to save expense and 



L 



A 



INTRODUCTION, Xltt 

labour. The condensation of the gas, prepara^ 
torj to its being submitted to the purifying 
process, the purification thereof in the best 
manner and at the least expense, and the 
construction of gas-holders, on the most ap- 
proved principles, are subjects which he 
proposes to speak of. Other minor branches 
of the science of procuring artificial light, 
by decomposing pit-coal, will meet with due 
attention ; and, in short, his object is me- 
thodically, but plainly, to describe every 
part of the gas-light apparatus, so as to 
enable any one who is at all acquainted with 
mechanics, to erect such, either for supply- 
ing his own premises with gas, or for lighting 
up large manufactories, streets, or even 
towns. 

In performing his task, he trusts he shall 
be able, on all occasions, to speak of the in- 
ventions of ingenious men, who have, by 
their talents, promoted the interests of the 
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manufacturer, with that candour which ought 
to be attended to by every writer, not at- 
tempting to damp the spirit leading to im- 
provement, where iViilures have unfortunately 
happened. He is well aware, that, although 
much has been already done, that still more 
is wanted ; and that, as experiment alone 
can bring the science to perfection, some 
failures may be expected, and some will 
doubtless happen. 

Knowing that the results of experiments, 
when thrown into a tabular form, exhibit 
more strikingly the advantages or disadvan- 
tages attendant upon different systems which 
have been pursued, the author has been par- 
ticularly careful in selecting such matter as 
has enabled him to furnish the reader with 
several on different subjects connected with 
the science. 



He has only further to observe, that in no 
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one instance does he intend to lay before the 
Public, experiments which have not been 
made under his own observation ; — unless of 
such a nature as are likely to be beneficial, 
and then by stating his authority. 
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CHAPTER I. 

TAwry of the Production of Artificial Light, and of the 
Action of Candles and Lamps ; with Directions for ojmt- 
taining the illuminating Power of' CandUt, Lam^, and 
Gat Lights; and for computitig the relative Coal or Value 
of Light emitted hy each. 

OUCH flame as issues from any body that is sub- 
mitted to the action of fire consists of that matter 
which, if collected, is known by the term hydro- 
gen gas, which is more or less pure according to 
the matter ueed for its production, and the cir- 
cumstances under which it is generated. Should 
I the circumstances under which the combustion 
I of such inflammable matter is carried on be favour- 
^ able, the Same will be perfect and brilliant; but, 
if the combustion he incomplete, part of the 
matter, capable of furnishing light and heat, will 
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pass off in smoke : it therefore follows, that, where- 
ever much soot is found, we are to conclude that 
the body generating it had not been used to the 
best advautage. Whenever coal, or other inflam- 
mable matter, is used in its natural or crude state, 
it seldom happens that combustion is carried on 
advantageously. The fire must be constantly 
mended, to prodoce a complete combustion, but 
such arrangement would be tedious, and, in the 
end, unprofitable. We find that when coals are 
used they are generally heaped upon the fire in 
such way as requires much time to elapse be- 
fore they are burned through; and, during the 
process, a dense smoke is constantly thrown out, 
yielding no profitable purpose. This smoke, were 
it possible to collect, deprive of its incombustible 
parts and condense, might, perhaps, be applied 
to the purpose of generating artificial light. The 
artificial light afforded by an inflammable body, 
whether it be a candle, lamp, or any other sub- 
stance, arises from the flame such body may ex- 
hibit when in the act of combustion ; and as, froDJ 
what has been premised, it may be concluded 
that complete combustion is necessary to the 
economical production of light, therefore, the 
question will be, — How are we to produce the 
greatest quantity of light at the least expense? 

The best rule, perhaps, which could be adopted 
for the purpose would be the allowing no more of 




OF ARTfFKIAL LIGHT, cjf. 3 

the inflammable matter to mix with the surround- 
ing atmospheric air than could be consumed. If 
it be allowed to exhibit itself in bulky diameters, 
much of its effect will be lost ; for, under such 
circumstances, the interior of the flame cannot be 
completely burnt, for want of that due proportion 
of oxygen which is absolutely necessary to com- 
plete combustion. If the matter submitted to 
combustion be thrown out at a very low tempera- 
ture, it will not bum in the open air; it is, there- 
fore, of consequence that the matter for producing 
flame should be produced at a proper heat, and 
thrown into tlie atmosphere with that velocity 
which will allow it to be wholly decomposed by its 
burning, and so that no smoke may arise from it. 
It must, however, be borne in recollection that 
if the stream of air acting upon the combustible 
matter be too great, it will defeat the desired 
eft'ect, whilst the contrary will tend so to weaken 
the fijune as to render it nearly useless. At the 
mouth of an oven the flame is large and powerful, 
yet, notwithstanding the matter producing such * 
flame is contained within the oven, the situation 
is unfavourable to combustion. If, for experi- 
ment, we conveyed paper into it, by means of a 
metal tube, we should And it would not be set fire 
to; a want of air would prevent it from burning; 
and the same thing holds good with respect to 
any gaseous fluid evolved, which never presents 
b2 
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itself as flame unless it be mixed with a curreut 

of air to support it. The necessity of a proper 
supply of air for supporting combuBtion to advan- 
tage suggested the idea of the Argand lamp ; for 
in it the matter for combustion is exposed in a 
thin ring of flame, and the action of the air being 
on each side of that ring, the process will be 
perfect. 

It must have been observed by those who have 
been much accustomed to reading or writing by 
candle-light, that a ^mall flame is always brighter 
and more luminous than a larger one; ant] that 
when a candle has been newly snufled it yields 
from six to eight times the quantity of light which 
is afforded by it when the flame and wick be- 
come 80 lengthened as to make it necessary again 
to use the snutfers. 

It cannot be doubted, that bodies which are 
capable of producing flame contain such latent 
matter as supports combustion. Indeed it is well 
known that light forms a constituent part of some 
bodies, for from them it is disengaged as they 
form new combinations : — but, science has not 
yet discovered a mode for obtaining the basis 
with which it is combined. That the light evolved 
by ertihcial means is derived from the matter 
submitted to combustion is clear to demonstra- 
tion ; for we need but observe the change of 
colour which flame exhibits during the process of 
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burning to be certified of the tact. Such variatioa 
does not depend upon the medium which supports 
the procesB, but is to be attributed solely to the 
matter of the combustible body. By considering 
this matter, we can easily comprehend the possi- 
bility of" tinging the colour of the purest kind of 
ilajne, by mixing the body producing it with sub- 
stances for that purpose. As for the colours of 
flame exliibited when coals, wood, and other com- 
mon combiistiblea are used, their diflerent shades 
amount but to a few of red, purple, and yellow. 
These, doublleas, arit^e from the greater or lesser 
quantity of watery vapour or smoke which passes 
through the flame uuburnt with other incombus- 
tible products. 

By observing the flame of a common candle 
carefully, we shall perceive that the colour of it is 
not uniformly alike; the lower part, next to the 
cup formed in the tallow, where the distillatory 
process is carried on, is lUwaya blue — the centre 
or middle part contiguous to the wick is opake— 
the exterior to the same height bright and lumi- 
nous — as it is also to the top, immediately after 
the candle is snufled — but when the flame becomes 
leogtbened, and the top of the wick has a fungus- 
like appearance, the apex will be of a reddish or 
brovmish colour. 

Before the theory of the action of candles ip 
spoken of, it may [Hirhaps not be considered al- 
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fec^tfaer foreign to the subject of procurii^ arti- 
ficial light should something further be mentioned 
relative to combusticm. By ecxnbustion is un- 
derstood the throwinir out of fire fnMn a body in 
which it existed in a latent state, by which the 
change of some other body is effected. Air con- 
tains the largest quantity of fire, the oxygen 
whereof being disposed to unite with many other 
matters, most of the ordinary processes of com- 
bustion are the result of its sudden union with 
some other substance, in which case the fire which 
was contained in the oxygen of the air is disen- 
gaged. With respect to coal, it has but a weak 
attraction for oxygen compared with some other 
substances, or to speak in other words, its par- 
ticles have a stronger attraction amongst them- 
selves. In the ordinary process of exciting com- 
mon fire, when a quantity of this material is heaped 
together and fire introduced among it, by the ac- 
tion of fire a part of it is first expanded from a 
state of solidity into that of inflammable vapour ; 
it comes then necessarily into contact with the 
pure air of the atmosphere, and the action of the 
fire still continuing, the fire which the oxygen 
contained is attracted firom it, it unites with the 
inflammable matter, and both are combined into 
water, in the form of vapour or smoke. Hence 
there cannot be combustion without a due supply 
of oxygen ; and therefore the common bellows, by 
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bringing a greater supply of air causes a fire to 
burn better. Flame is vapour in an ignited state, 
and that part only of such vapour which is in con- 
tact with the air can be infiamed. The flame of a 
candle may be considered as a cone of fire, the 
hollow part of which is vapour, and such hollow 
part is not inflamed. It is precisely the same 
case with that part of the matter emitted by a 
candle when lighted which surrounds the wick, 
which has before been adverted to, when speaking 
of the flame exhibited at the mouths of furnaces — 
when compared with the want of oxygen within, 
which renders complete combustion there almost 
impossible. 

Having observed, in a preceding page, that 
flame may be tinged of difierent colours, it may 
here be noted that 

" Spirit of wine bums with a bluish flame. 

" Sulphur burns with nearly the same tinge. 

" Zinc burns with a bright greenish white tJame, 

" Preparations of copper, or of the subtftances 
with which they are mixed, bum with a bright, 
vivid, green flame. 

" Spirit of wine mixed with common salt, when 
set on fire, burns with a very unpleasant effect, as 
may be experienced by observing the death-like 
appearance of spectators illuminated by such 
means. 

" Spirit of wine and a little boracic acid, or 
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nitrate of copper, stirred together and set fire to, 
bums with a beautifully green tlame. 

" Spirit of wine, mixed with nitrate of strontia, 
'burns with a carmine red colour. 
' " Muriate of lime tinges the flame of burning 
■pirit of wine of an orange colour*." 

Having spoken somewhat at length on the mode 
of procuring artificial light, the next thing which 
presents itBelf to notice is the theory of the action 
of candles, lamps, ^r. In proceeding to illus- 
trate this theory, it may be observed, that when- 
erer light is to be procured for ordinary purposes, 
Uie moat ready meiuis of obtaining it is by the 
process of combustion. The most common me- 
thod of obtaining light where science has not 
pointed out the use of candles or of lamps, is by 
burning masses of wood, or other matter, in their 
solid state ; but, where improvements have gained 
some footing, artificial light for most general 
purposes has till of late been obtained by the 

e of lamps or candles. 

When lamps are used, it is necessary that the 
combustible material should be such as will re- 
main in a fluid state at the usual temperature of 
the atmosphere. In the use of candles, the case 
ie different, for the matter of which they are 
formed does not become fluid but by a very con- 
siderable application of heat. 

• Vidt Lxperinienb, I'arkti' VAcmical CalccAiiw. 





or whatever substance the instrument for 
yielding light is composed, it is required to be 
rendered volatile before flame can be prodaced; 
for this purpose, however, it is not necessary to 
volatilize much of the matter at a time, a very 
Rmall portion of it will be sufficient to afford a 
useful li^ht. A candle or a lamp contains eaffi- 
cient combviBtible matter lo last several hours. 
Either is furnished with a wick, and, by its 
action, the operation of generating light is ef- 
fected. 

In using the lamp, the oil should be such as 
will readily inflame, and the wick of sufficient 
capacity to convey to the place of combustion, by 
capillary attraction, such quantity of oil as by 
admixture with the orygen of the air will be 
completely consumed. By this attraction, the 
oil continually flows to the laboratory, where the 
decomposing process is carried on. 

On a candle being flrst lighted, such a degree 
of heat is given to the. wick as is suflacieut to melt 
the tallow, which is formed into a kind of cup, 
where it is decomposed. It is in this part that 
the carburetted hydrogen gas and vapour are 
mixed with the air, and yield a bhiish flame. 
thin, however, communicates so mnch heat to 
the higher part of the gas evolved as to give it a 
yellowish tinge. As the tallow melts, and be- 
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comes decomposed by the action of the wick, a 
fresh supply continues to be given. 

The upper part of the wick, which is surrounded 
by the flame becomes black, owing to part of the 
carbon and hydrogen entering into its composition 
having been acted upon by combustion, whilst 
the wick itself is defended from the action of the 
air by the flame surrounding it. That from this 
circumstance it owes its protection there cannot 
be a doubt, for when, by the consumption of the 
tallow, the wick becomes too long to support 
itself in a vertical position, the top projects be- 
yond the flame (which will invariably be the case 
when it deviates from a perpendicular line,) it 
will no sooner be exposed to the action of the 
air than it will burn, and soon be converted to 
ashes. 

Part of the tallow which is volatilized is not 
burnt, but passing through the centre of the 
flame it is not acted upon by the oxygen of the 
surrounding air, it passes off in smoke ; hence it 
follows, when the wick and flame are large, there 
is proportionately greater waste of combustible 
material than when the wick and flame are small. 
Indeed, when a candle is made with a wick of a 
single thread, though it yields but a very small 
flame, yet such flame is not only peculiarly 
bright, but free from smoke ; whilst, on the con- 
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trary, in common lamps, where a rery large 
wick is used, the smoke is very considerable, 
and tends to lessen the strength of tigbt, whicb, 
from the quantity of matter used, might naturally 
"he expected. As in the process of combustion of 
candles, the 6uid tallow is contained in the cup 
formed at their top, it follows that the thickness 
of the wick is a circumstance requiring attentioa, 
for, if the wick be not of sufficient capacity for 
carrying o^ the fiised material, as rapidly as it 
becomes so, it will run down the sides of them. 
This inconvenience arising from the nature of the 
material of which the candle may be formed, it 
would appear that, as wax is not fusible at so low 
8 temperature as tallow, the wick of the latter 
description of candle may be made much sUgfaler 
than that of the former. A candle, with a thick 
wick, on being first lighted, and snuffed short, 
yields a flame perfect and luminous, unless the 
'diameter of the wick be very great, in such case 
the middle of the flame will be opake ; for, as 
has before been observed, for want of a proper 
supply of oxygen, the combustion cannot be 
completely effected. But, when the wick be- 
comes lengthened, the distance between Its top 
and the top of the flame given out will be short- 
lened ; and therefore the tallow which is decom- 
■po^d having a shorter distance of flame to pass 
tiirough, is not entirely burnt, and that part 



L 




ttrhich is not bo, passes off in smoke. The wicif, 
if notsDufled, continues to lengthen, till, unable 
to Bupport the accumulation of soot which ib 
formed round the top of it, (and which arisee 
from combustion being imperfect,) falls on one 
Bide, allowing the air to act upon it; or, other- 
wise, the upper part of the flame given out is so 
shortened as to expose the top of the wick to the 
air ; however, the combustion which is requisite 
to snuff it, is not, in this case, sufficient to do so. 
Here the portion of tallow carried oft' by the 
lengthened wick is too great to be entirely burnt, 
and it takes off a considerable portion of the heat 
of the flame, as it assumes a state of elasticity. 
This process tends to diminish combustion, 
whilst a greater supply of tallow in a fluid state 
causes soot to accumulate at the top of the wick. 
When much soot has been there deposited, the 
candle does not give more than a sixth or an 
eighth of the light which the materials submitted 
to combustion, if properly accomplished, would 
generally produce, and it is from this circum- 
stance, that taJlow candles so frequently require 
snuifing. 

When wax candles are used, it is found that 
as the wick lengthens, the intensity of light de- 
creases ; but then, as the wick is very thin in 
comparison with that of a tallow candle, it 
sooner falls from the middle of (he flame, and the 
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top becoming exposed to the air, is burnt off. 
When the wick of a wax candle is in the centre of 
the flame, it is not of sufficient magnitude to 
cause the diameter of that flame to be so enlarged 
as to prevent the air from having access to it. 
It follows, from what has been observed, that 
as was is with difficulty fused, a lai^ quantity 
of it may be burnt by means of a very small 
wick, which, of course, is pliant, and soon 
becomes unable to support itself in a vertical 
position. This position it no sooner loses than 
the action of snuffing is performed by the method 
just noticed with greater precision than can be 
done mechanically. 

Taking into consideration what has been said 
on the subject of wax and of tallow candles, it 
will appear that the making of the latter bo as to 
be equal to the former cannot be effected, unless 
by some contrivance, tallow can be rendered aa 
difficult of fusion as wax : — for the advantage 
which a wax candle has over one of tallow arises 
from wax requiring a higher temperature to fuse 
it; consequently, the fusion is not so rapid, and 
the cup formed by the action of the Same not so 
soon destroyed. Therefore, to render tallow, 
when used for generating light, equal to wax, it 
must either be burnt in a lamp, to avoid the 
melted material running to waste ; the wick must 
be made of a more pliant material than what i» 
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at present used : or otherwise the tallow itself, 
by some chemical arransrement, must be made 
less fusible. The attempting to make tallow- 
candles equal to those of wax. in many points of 
view, is deserving the attention of the manu- 
fecturer. 

It is generally supposed by chemists, that the 
diflScult fusibility of wax is owing to the greater 
proportion of oxygen which it contains. It is 
intimated by Mr. Nicholson, in the quarto series 
of the Philosophical Journal, volume I. page 70., 
that the spontaneous snuffing of candles made of 
tallow, will hardly be elFected, unless by some 
material being discovered for the wick, which, 
whilst it is of sufficient capacity to absorb the 
taltow as it melts, will be flexible enough to bend 
on one side, causing the top to verge through llie 
flame so as to allow the action of the air to play 
upon it and burn it oH". 

For ascertaining the illuminating powers of 
candles, or other luminous substances, recourse 
must be had to some method different from that of 
examining the lights themselves, for the organs of 
human vision are not fitted for such purpose. No 
one could by only seeing two or more Hghts of 
different intensities determine what proportion the 
light from one bore to that which was emitted by 
the other. Though from the examination of tights 
their intensities cannot be ascertained accurately. 
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yet is the eye peculiarly adapted for judgiag of 
the strength of shadows — so much so, that, by a 
proper arrangement, the proportional quantities of 
light emitted by two or more candles, lamps, or 
gas lights, may be determined almost to mathema- 
tical exactness; and the comparative strength of 
light emitted by a gas light, compared with what 
is given out by one or more candles of certain di- 
mensions. Light always travels in straight lines, 
and in every direction from the body yielding it; 
therefore, its strength must decrease in proportion 
to the distance from the point of divergency. 
Now, supposing two or more lights are placed at 
such distances from an interposing object as to 
cause shadows of equal intensity to be cast upon 
a wall behind it, by measuring the distance of eacli 
light from its respective shadow, data is obtained 
for ascertaining the illuminating power of each. 
Should it be staled that whatever light is emitted 
from a candle, or other luminous body, remains 
Undiminished at all distances from that body, the 
statement may be considered correct. We are 
therefore to conclude, that whatever light falls 
upon any body, such light would have fallen upon 
the place occupied by its shadow, had it not 
been there ; and this position may be established 
by the following method, which Is taken from 
Dr. Smith's Optics, book I. art. 57. Let the 
light, (suppose of a candle,) which flows from a 
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point A, plate I, fig. I. and passes through 4 
square hole B, lie received upon a plane C, 
parallel to the plane of the hole; or, let the 
figure C be the shadow of the plane B ; and when 
the distance C ia double of B, the length and 
breadth of the shadow C will be each double of 
the lengtli and breadth of the plane B; and 
treble when AD is treble of AB ; and so on ; 
which may be easily examined by the light of a 
candle placed at A. Therefore, the surface of 
the shadow C, at the distance AC double of AB, 
is divisible into four squares, and at a treble 
distance into nine squares, each equal to the 
square B, as represented in the figure. The 
light then which falls upon the plane B, being 
suffered to pass to double that distaace, will be 
uniformly spread over four times the space, and, 
consequently, will be four times thinner in eveiy 
part of that space ; at a treble distance, it will be 
nine times thinner ; and at a quadruple distance, 
sixteen times thinner than it was at first; and so 
on, according to the increase of the square sur- 
faces B, C, D, E, built upon the distances AB, 
AC, AD, AE. Consequently, the quantities of 
this rarefied light, received upon a surface of any 
given size and shape whatever, removed succes- 
sively to these several distances, will be but one- 
lourth, one-ninth, one- sixteenth of the whole 
quantity received by it at the first distance AB. 




^^^^H Plate '^^^^H 








F^.2. F,ff.3. Fiff-4 ' ^V i 

IffX 




•l'^^ 


tiii^^^a 




Or, in general words, the densities and quantities 
of light, received upon any given plane, are 
diminished in the same proportion, as the squares 
of the distances of that plane from the luminous 
body are increased : and, on the contrary, are 
increased in the same proportion as these squaj"es 
are diminished. 

From what has been said, it follows, that as 
the shadow of any body at twice the distance of 
the surface from the point of illumination, will 
occupy a space fonr times the area of the inter- 
posing object, consequently, the strength oflighf 
will decrease as the square of the distance is 
increased. Therefore, by placing two lights in 
such situations as to throw shadows of equal 
densities upon a wall, from some opake substance 
placed between them and ihat wall, the intensity 
of light afforded by each will be inversely as the 
squares of their distances from the shadows. 
When two lights of unequal illuminating powers 
' are so placed as to produce shadows contiguous to 
each other, from an opake interposing body, the 
stronger light will yield the deepest shadow, and 
the weaker light the faintest shadow. In making 
experiments for ascertaining the intensities of 
different illuminating bodies, it is necessary lliat 
they should be so placed as to produce shadows 
contiguous to each other, and of equal intensity. 
When it is required to compare the intensities 
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of light produced by candles of different magni- 
tudes, the process might be after the following 
manner. Having fixed a sheet of white paper 
upon the wall of your room, at a convenient 
height, place a small fire-screen at the distance 
of a few feet from it, the part which is to cast, 
the shadow upon the paper being raised to a 
proper height for doing so. Then let one of your 
assistants take the candle which yields the smalU 
est quantity of light, and proceed to such 
distance from the screen as may be convenientj, 
but so as to allow the shadow produced to fa]j( 
upon the paper. Next, let him who holds the 
candle yielding the strongest light, proceed in 
nearly the same direction from the screen as the 
former, till the shadow from his candle falli 
nearly upon the same place on the paper as that 
produced by tlie weakest light. Should the, 
intensity of shadow from the strongest hght be 
greater than that produced by the weaker, let 
your second assistant increase his distance from 
the interposing object, till the shadows from eack 
candTe have an equal blackness ; this being done, 
measure the distance of each light from the paper 
receiving their respective shadows; then say 



As the square of the distance of the weakest light 

from the shadow, is to miity. 
So is the square of the distance of the strongest J 
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li^t from the shadow, to the proportion of 
light it yields in comparison with the former. 

But, by way of example, let us suppose, that 
having proceeded on the plan already pointed out, 
with two candles of different illuminating powers, 
the distances of each from the shadows were 
measured, the weaker light was found to be at 
six feet distance, and the stronger at twelve from 
the shadow, it is required to know what number 
of candles of the least illuminating power, if 
placed in the same situation as the stronger, 
would produce a shadow of equal intensity there- 
with, and consequently yield the same quantity 
of light. 

The square of 6 is equal to 36 
12 to 144 

Therefore, as 36 : 1 : ; 144 

1 



36) 1 44(4 the number of candles necea - 

1 44 ^n ^ produce the same inten- 

— — — «— sity of light with the larger one. 

This method may be adopted, whenever the 
illuminating bodies are such as can be moved; 
but, in some cases, a trifling deviation from it 
will be necessary. Thus, when one of the bodies 
emitting light is stationary, as is the case with 
gas-burners, in making the experiment it will 

c 2 
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require but one candle to be used, which must be 
moved backwards and forwards between the 
interposing body and the burner, till the shadows 
from each upon the paper are of equal intensity. 
Then the distances from the gas-burner, and 
from the candle to the shadow, are to be 
measured and proceeded upon, as already di- 
rected : 

Example. 

Having adjusted a gas-burner to a flame of two 
inches in height, and placed an opake object 
between it and a sheet of white paper fixed to a 
wall twelve feet distant from the burner, a mould 
candle, of six to the pound, was introduced 
between the burner and the body producing the 
shadow, and moved backwards and forwards till 
the shadows were of equal blackness ; on their 
being so, the caudle was found by admeasure- 
ment to be 4^V f^st: from the shadow produced : 
it is required to ascertain what number of such 
candles would yield the same intensity of light as 
the burner emitted. 

The square of 4,9 = 24,01 

12,0 = 144,00 

Then,— as 24,01 : 1 : : 144 : 6 nearly,— 
the number of candles necessary to produce the 
same intensity of light as given by the burner. 
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From experiments conducted in this way, it 
i may be determined whether more or less light is 
I obtained by burning several small candles, or one 
I or more of greater dimensions, during a given 
p" time, at the same expense ; for, by such, the in- 
tensity of light afforded by each is ascertained, 
and the quantity of matter consumed for obtain- 
ing it is easily ascertainable. The same thing 
holds good with respect to lamps or gas-buraerB. 
It is easy to compare the illuminating power of 
each, and to ascertain the relative cost of any 
substance which may be employed for furnishing 

» light. It is almost needless to repeat that when 
'B candle and a gas light, at equal distances from 
a wall, produce shadows of equal darkness, the 
intensity of light afforded by each is equal. As 

Itiie great command of gas, by turning the stop- 
cock supplying the burner more or less, is such 
as to enable the operator to adjust the light to 
that afforded by a well-snuffed tallow candle, he 
will easily equallize the tights afforded from each. 

I and, weighing the candle before the experiment is 
commenced, and again when it is ended, (the 
price per pound being known) he will ascertain 
flie cost of procuring light by such candle. The 
^antity of gas consumed, as pointed out by the 
index to the gas holder, will enable Mm to ascer- 
tain the cost of procuring a similar light by the 
ueeofgas. It must be observed, however, that 
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before he can aliempt to do so, he must inform 
himself at what cost a specific number of cubic 
feet of gas is generated. 

It has been determined, from experiments made 
by Count Uumford for the purpose of ascertaining 
the quantity of materials necessary to produce 
a light of a certain inteusity, for a given time, 
that there must be burnt by weight. 

Of wax 100 parts. 

Of tallow 101 

Of oU, in an Argand's lamp 129 

Ofan ill-snuffed tallow cajidle 229 

By several experiments made on coal gas, it 
has been found, that about 20 cubic feet are re- 
quired to produce light equal in duration and in 
illuminating powers to a pound of (allow candies 
(_8ix to the pound), if set up and burnt out one 
after another. 

There has been occasion to state, in a former 
part of this Treatise, that, though the light of 
a candle is very brilliant when first snuffed, 
yet the intensity of light very soon diminishes to 
less than a half, and continues to do so till re- 
duced to as low as one-sixth. This causes the 
eye to feel imeasy, and induces us to apply the 
snuffers ; it follows, therefore, that if candles 
could be so made as not to require snuffing, the 
quantity of light afforded by them in a given time 
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would be more than double what is emitted in 
the ordinary process of burning them, when the 
application of the snufFera is so frequently re- 
quired. It is a very natural conclusion, that, as 
by using candles which require snuffing, the in- 
tensity of light is continually varying, either much 
reading, writing, or working, by candle-light, 
must be injurious to the eye ; indeed, it is 
from this circumstance, more than any other, that 
it has been found so. If a lighted candle is so 
placed as neither to require snuffing, nor to pro- 
duce smoke, it may reasonably be supposed that 
the whole of the matter consumed is converted to 
►■ the purpose of producing light ; and that the in- 
tensities of light afforded in a specific time, by 
candles of various dimensions, must be in propor- 
tion to the quantity of matter consumed ; or, in 
other words, when candles made of the same ma- 
terials are used, that which produces double the 
quantity of light afforded by another, will, io the 
same time, lose twice as much weight of matter. 

For various experiments, made to prove the 
truth of what has been advanced, we are indebted 
to Mr. Ezekiel Walker, who has stated them in 
the fourth volume of Nkhobon's Journal, 8vo. 
series, from whence the following table is ex- 
tracted, but with a triBing alteration in its ar- 
rangement : — 
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The experiments on which the above table ia 
founded, were performed nearly in the following 
manner :— 

Three candles, such as described in the 3d, 
4tb, and 5th columns of the table, first experi- 
ment, against 1, 3, and mould, in the second 
column, having been weighed, were lighted at the 
same instant. At the end of the time expressed 
ill the sixth column, they were cdl extinguished, 
and again weighed ; the loss of weight of each 




Candle is aoted in the seventh coluDin. In thig 
way were all the experiments made, but as the 
Ihree first were performed under very favourable 
-circumstances, the results come nearer to the 
truth than is required for useful practice. But, 
in consequence of the g;reat variability of light 
emitted by No. 5, making it necessary to move it 
very often, in order to keep the two shadows 
equal, it was found necessary to put down the 
mean distance from the wall by estimation. 
However, as this was done before the candles 
were weighed, the mind of the experimentor 
could not be supposed under any influence of 
partiaUty for a system. From this circumstance 
of the distance of the candle, No. 5, from the 
wall not being accurately ascertained, in making 
the fourth experiment, it cannot be so much 
depended upon as the three former ones. In 
making these experiments, Mr. Walker adopted 
a method for ascertaining the intensity of light 
given out by each candle, somewhat similar to 
what has been described at page 1 8 preceding. 
His experiments were not all made at one time, 
nor is it to be understood that the mould candle 
■which was made the standard for comparing the 
lights of the others by, gave the same strength of 
hght in every experiment. When the sign + is 
placed against any candle, as it is in two in- 
,nces in the eighth column of the preceding 
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Table, it is intended to convey an idea that such 
candle gave a stronger light than the others. 

From the results of the experiments contained 
in the foregoing Table, it appears to be esta* 
blished, where combustion is complete, that the 
quantities of light produced by tallow-candles are 
in such proportion to eacli other as would be 
expressed by multiplying the time that the candle 
is burnt, by the quantity of matter consumed. 
Thus, in the first experiment. 

The candle. No. 1, burnt three hours, during 
which time 15 drams of tallow were con- i 
sumed. 

The candle. No. 3, burnt the same time, and 
consumed 17j drams of tallow, and 

The mould candle burnt the same time, and con- 
sumed the same quantity of matter as the 
candle. No. 1. 

On examining the Table, it will be found, that 
the strength of light afforded by the Mould and 
No. I candle was equal, whilst that afforded 
by the candle. No. 3. was greater than either; 
by calculation, to try how this agrees with 
Mr. Walkers practice, let the weight of tallow 
consumed by each candle be reduced to half- 
drams, and multiplied by the time of burning, 
and the products will express the proportion of 
Hght afforded by each in higher numbers. Thus, 
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90 105 90 

Here it is seen that the lights afforded by the 
candles. No. I, and Mould, are equal between 
themselves, whilst that from No. 3, is one-sixth 
greater. 

Should the law, which Mr. Walker has at- 
tempted by experiment to establish, be admitted, 
we have a standard given by which we may com- 
pare the strength of various lights : for^ if a small 
mould candle be lighted, and so placed as neither 
to produce smoke, nor require snuffing, it will 
lose in three hours an ounce of its weight. The 
quantity of light so produced may be expressed 
by unity. Should it, however, at any other time 
lose more or less weight in three hours than an 
ounce, the' quantity of light it yields may be 
ascertained, for, the quantity of light produced 
in a given time (the combustion being perfect) is 
always in a direct proportion to the quantity of 
matter consumed. 

From what has been said on the subject arise 
the two following theorems ; — 
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Theorem I. 

When the quantities of matter of two or more 
bodies consumed are equal, and times of burning 
the same, they will give equal quantities of light. 

Theorem II. 

When the times of burning two or more bodies 
are equal, the qi^antities of light emitted by each 
will be in direct proportion to the respective 
weights of matter consumed. 

' Corollary. 

Therefore, it follows, as has been before ob- 
served, that the light produced by any number 
of bodies, used for the purpose of generating it, 
is always in the compound ratio of the time of 
burning, and weight of material burnt. 

Hence we are able to lay down the following 
rules for investigating these subjects : — 

Let 

M represent the mould candle, 
d its distance from the wall, on which the 

shadows were compared, 
m its quantity of matter consumed in a given time, 
t express that time, and 

Q the quantity of light emitted by Af in the same 
time. 
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Let 

C represent any other candle, 
> its distance from the wall, 
q its quantity of matter consumed in a g^ven time. 
T that time, and 

g the quantity of light emitted by C in the same 
time. 

The intensities of light being directly as the 
squares of the distances of the two candles from 
the wall, we have 

As rf* : Q :: ^* : g, the quantity of light 
emitted by C in the same time. 

Then, supposing the quantities of light to be 
in direct proportion to the quantities of matter 
consumed in the time U we have 

As m : Q \\ q '. gt the quantity of light emitted 
by C in that time. 

Therefore -^^=^, and the quantities of 

light of M and C are in proportion to the quan- 
tities of matter consumed by each in any specific 
time. 

To make this matter easy to every reader, I 
shall subjoin the two following Rules for solving 
questions of this description : — 

PROPOSITION I. 

Given, the distance of one candle from the wall 
where the strength of shadow is observed, the 
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quantity of light emitted by the same in a girel 
time, and the distance of another candle throw- 
ing a similar shadow on the same wall from it ; 
to find the quantity of light which will be pro- 
duced by the latter in the same time as the former. 

Role. 

As the square of the first candle's distance from 

the wall, is to the quantity of light emitted 

thereby in a given time ; 
So is the square of the second candle's distance 

from the said wall, to the quantity of light 

emitted by it in the same time 

PROPOSITION II. 

' ' The weight of one candle consumed in a given 
time, the quantity of light emitted by the same, 
and the weiglit of another candle consumed in a 
like time, being given (the candles being so placed 
as to throw shadows of equal intensity upon the 
same wall,} to find the quantity of light which will 
be produced by the latter in the same time as the 
former. 

Rule. 
As the quantity of matter consumed by one can- 
dle in a given time, is to the quantity of light 
emitted thereby ; 
So is the quantity of matter consumed by the 
other in a like time, to the quantity of light 
which is by it emitted. 
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These rules may be used for comparing the 
strength of light of candles of different sizes with 
each other. They are capable, by transposition, 
of producing various statings ; consequently, when 
any three of the data are given, the fourth can be 
found — and as they are so easily applied to prac- 
tice, it is useless to take up further time in 
explanation. 
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CHAPTER II. 

On a Method for Incrtasif^ the Light afforded by TaUow 
Candles, for obviating the Necessity of snuffing them, and 
for rendering them more Jit Substitutes for Candles made 
of Wax. 

It has been shewn by by Mr. Ezeki el Walker, 
that if a trifling alteration be adopted in the man- 
ner of using tallow candles, they will become very 
excellent substitutes for candles made of wax. 
The method which he proposes for obtaining so 
desirable an end, is by placing the candle in such 
a direction as to recline thirty degrees from a per- 
pendicular: — for doing this, candlesticks may 
easily be constructed, or they may be made to 
hold the candle at any angle which may be de- 
sired. A common candle of ten to the pound, 
with a wick of fourteen single threads of fine 
cotton so placed and lighted, requires no snuffing ; 
and what is of more importance, it yields a light 
nearly uniform in strength, and free from smoke. 

The position of the candle when placed at an 
angle of 30"" from the perpendicular, is such as 
will prevent the necessity of snuffing it — for when 
it burns thus, the flame rises vertically from the 
upper side of the wick, exposing the top of it pro- 




Fjecdng beyond the flame to the action of the air. 
P^'If the candle is placed in front of tlie observer, so 
that ita inclination is towards his right hand, the 
flame will appear to him in the form of an obtuse 
angled triangle — the base of which will be the ex^ 
I treme edge of flame above the wick towards the 
, left — the shorter leg will be parallel to the wick 
beneath it towards the right — and the longer leg 
will be also towards the right, rising from the top 
of the wick to the apex of the flame. It will be 
evident that, under such an arrangement, the top 
of the wick will project beyond the flame at the 
Liobtuse angle : by its thus becoming exposed to 
Irate oxygen of the air it will be burnt to ashes, and 
rlthereby be rendered incapable of carrying oft' any 
I ;part of the matter submitted to combustion in the 
form of smoke. By this mode of causing the 
candle to snuff itself, that part of the wick which 
iis acted upon by the flame must necessarily re* 
main of nearly the snme length ; and if the wick ie 
unifonnly twisted throughout, tlie flame will re- 
main of the same strength aud dimensions. This 
can never be eff"ected when candles are snuffed by 
an instrument — for the light aflTorded by such is 
LTery fluctuating, and highly injurious to the eye 
twhen, for any length of time, small objects are to 
^ be viewed by its lig;ht. The wavering of the light 
is an inconvenience which cannot be remedied by 
TMiog any shade ; but when a candle is ho placed 
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as to snuff itself, the light is steady, anel at the 
same time so iovariably bright that the eye feels 
no pain or uneasiness in performing its ofiice: — 
when the light does not remain uniformly alike, 
the eye requires such frequent adjustment as 
cannot fail to be productive of both. 

The description of Candles on which Mr. 
Walker made his experiments are exhibited in 
the following 

TABLE. 











Number of 
the Cudte. 


Number ufUuidle^ 

u> ibe Pouud, 
Avuirdupoi. Weiehl, 


Lcnsihiu 
Iucb«. 


Number oF >mi-le 
llircudBoftineCul. 
ton iu the Wick. 


I 


14 


8,5 


10 


2 


13 


9, 


12 


3 


10 


9,74 


14 


4 


8 


10, 


20 


5 


6 


10,25 


24 


Mould 


6 


13, 





The candles No. I, 2, and 3, when placed to 
form an angle of thirty degrees with the perpen- 
dicular, and lighted, do not require to be snuffed ; 
they afford nearly equal quantities of light, and 
the process of combustion is carried on with such 
great regularity, that no part of the matter sub- 




Bitted thereto escapes unconsmned, unless from 
lltcident. 

i The candle No. 4, placed at the above-mea- 
loned angle and then lighted, requires no snuf- 
bg — the light it affords is very little stronger 
than that emitted by the candle No. 1. Its 
lolour is not so white, nor is the flame so steady. 
• The candle No. 5, placed at an angle of thirty 
Uegrees and lighted, does not require snuffing; 
its tlame is rather fluctuant, nor so white as 
that afforded by No. 4, and the quantity of light 
^t yields is not much greater than what is pro- 
iced by No. 1 . When the air in the room where 
18 burnt is put into motion by the opening of a 
or other cause, the melted tallow will some- 
es overflow the cup; but notwithstanding this 
ionvenience, by placing it in an inclined position 
light is much improved. * 
]f the mould candle be treated in the same 
inner, it affords a very pure and uniform flame, 
©id of smoke and not requiring snuffing. Its in- 
ity of light is nearly equal to that afforded by 
1. 

There has not been a sufficient number of ex- 
iriments made to determine with accuracy', 
lether a candle of given dimensions placed ver- 
ally or reclining from the perpendicular, affords 
s most light at the least expense ; but, those 
tich. have been made prove, almost to demon- 
V 2 



stratioii, that the quantity of li^ht is in direct 
proportion with the quantity ol' combustible matter 
cnQsumed. Therefore, a candle placed in an in- 
clining position must of necessity give a greater 
proportion of light than one of the same size 
placed vertically, and for this reason : — When a 
candle is so placed as neither to require siuitting, 
nor to allow any part of the combustible matter to 
pass off in smoke, no part of it is lost; but when 
it is placed perpendicularly, the light is ever 
varying — it is sometimes clouded wi^'aiq^e, and 
that part of it which is snutfed i8:'"'(^own away. 
The loss arising from imperfect combuetiou. which 
happens whenever candles are burnt in the ordi- 
nary way, is not the only inconvenience attending 
such mode of using them, and which the method 
proposed by Mr. Walker is free from, — the light 
given on account of its variableness cannot but oe 
bad. Between the times of snuffing a candle, its 
strength of light seldom remains equal for a mi- 
nute together. The variation which takes place 
in the height of the flame of a candle when burirt 
vertically, is another inconvenience ; sometimes 
the flame is more than three inches high, again it is 
barely two^and according as the wick lengthens, 
so does the flame, till it has increased to such 
length as will not allow the melted tallow to be 
consumed, which is consequently carried off in 
smoke; thus lessening the light, wasting the 





material, and rendering the eye 
uneasy. 
The great variability in the strength of light 

I aftorded by candles when used so as to require 
suutHug has been noticed on a former occasion — 
and it is to this, Mr. Walkhk observes, and not 
to the nature of candle-light itself, that we are to 
attribute the injury sustained by the eye of the 
student and the artist. The injury may easily be 
prevented by using two small candles placed in 
such a positioQ as not to require snuffing, instead 
of one large one used vertically where the snuffers 

I would be required. 

In the Monthly Magazine for 1805, page 200, 
are some observations relative to this subject, 
from whence the following is copied : — 



' It is scarcely necessary to observe, that the 
Poombustion of candles proceeds the quicker in 
r proportion as the inclination is greater. From 

the experiments which I have made, I should con- 
l aider an angle of forty degrees with the perpen- 
Idicular as the maximum of inclinatioTi, beyond 
■ which several considerable inconveniences would 
l^ccur; and I should take twenty-hve degrees as 
Itfae minimum of inclination, less than which does 

not sufficiently expose the point of the wick to the 

action of the air. 

' By those who arc much in the habit ot read- 




ing or writing by candle-light, it will also be 
esteemed no inconsiderable addition to the ad- 
vantages already mentioned, that the trouble of 
seeking and applying the snuffers is superseded. 
A candle of common size requires the application 
of the snuffers forty-five times during its complete 
consumption. 

" But I found an obstacle to the adoption of 
Mr, Walker's plan, which, from the inclined 
position of the candle, it did not immediately 
occur to me by what means to counteract. Any 
agitation of the air of the room, occasioned either 
by the opening or shutting of a door, or by the 
quick passage of a person near the candle, caused 
the melted tallow to run over, or, in more familiar 
language, caused the candle to gutter; which, 
with the candle in this position, became an insu- 
perable bar to the use of it. 

" For the prevention of this inconvenience, I 
have had a wire skeleton-shade adapted to a rod 
bearing the same inclination as the candle, and 
which at the bottom joins the candlestick in an 
horizontal line of about two inches, terminating in a 
nozzle fitting that of the candlestick. The dis- 
tance of this rod from the candlestick, or, which 
is the same thing, the length of the foot or hori- 
zontal line, is of course to be determined by the 
distance between the two circles which form the 
upper and lower apertures of the shade. It may 
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serve, perhaps, more familiarly to describe this 
part of the apparatus, to state tliat it bears per- 
fect resemblance to the two first strokes of the 
written figure 4 ; and the third stroke, if carried 
up as high as the first, and made sloping instead 
of upright, will very well represent the situation 
of the candle. 

" When a strong light, for the purposes of 
reading or writing, is required, white silk or 
paper may be used, as is common, over the ske- 
leton ; but when it is required that the light should 
be dispersed over a room, a glass of a similar 
shape may be adapted, for the purpose of pre- 
venting the flame from being influenced by any 
agitation of the air of the room. If the upper 
circle of the shade be four inches in diameter, the 
apex of the flame will be within it during more 
than half the time of the complete consumption 
of the candle ; the shade will not, therefore, re- 
quire adjusting for tlie purpose of preventing 
injury to the silk, or whatever else may be used 
over the skeleton, more than once during that 
time. 

" Being myself much averse to the intemiptions 
which a candle used in a vertical position occa- 
gions, and which, though short, may under some 
circumstances be highly vexatious, I wish to ex- 
tend to others a benefit which 1 prize rather 
higUv" 





In the Heposiioty of Arts, Vol. I. page 86, 
LoHD Stamiope published an account of a me- 
thod of manufacturing candles, which his Lord- 
ship represented to be superior to that usually 
employed. The process depends upon the follow- 
ing principles : 

First : When the candle is of wax, or sper- 
maceti, the wick is to contain but three-fourths 
of the usual number of cotton threads; when of 
tallow, but two-thirdB. 

Secondly : The wick must in all cases be per- 
fectly free from moisture, a circumstance but 
little noticed by the manufacturers of candles in 
general. 

Thirdly : The wick of wax caudles must be 
deprived of all the air which is entangled in its 
fibres, which may be done by boiling it in melted 
wax, till neither air-bubbles nor froth appears on 
its surface. 

By attending to the principles, as above stated, 
in the manufacturing of candles, it will be found 
that three candles of any size will last as long as 
four of the same size made by the common 
method. The light they afford is better and 
steadier, and whether made of wax, spermoceti, 
or tallow, do not require so often snufiing. They 
flame less, and are therefore better for most uses 
than candles made in the common way. The 
observations which follow will assist such as may 
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be desirous of trying the candles made on the 
plan suggested by Lord Stanhope, in ascertain- 
ing the merits of his improvements. With them 
are given the results of some experiments rela* 
tive to the expense of burning oil in lamps with 
wicks of eight and of four threads of cotton. 

A taper-lamp, fitted with a wick of eight threads 
of cotton, will consume in one hour 0,50775 oz. 
of spermaceti oil. 

15 per gallon is 1 1,25 farthings. 
6 13,50 

7 15,75 

8 18,00 

9 20,25 

10 22,50 

This lamp, trimmed with a Mrick as above 
specified, yields a light equal to the candle, 
^o. 3, described in the Table at page 24. It 
requires snuffing but seldom, and casts a steady 
and strong light. 

A chamber lamp, with a wick of four ordinary 
threads of cotton, consumes in an hour 0,22283 
oz. spermaceti oil. 

#. d. 

5 per gallon is 5,0)3 fardiings. 

. 6 6,016 

The expense of burn- I y q ^ qjq 

ing it 12 hours, ( ^^ ^'^^^ 

when the oil is at I ^ ^ ^^^^ 

10 10,028 
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Note : — One pint and a quarter of whale oil^ 
when used for the purpose of generating light, by- 
means of a lamp, is found to be equal in illumi- 
nating power to a pound of tallow candles, eight 
to the pound, set up and burnt out one after 
another. 

To enable the reader to determine the real and 
comparative expense of burning candles of dif- 
ferent kinds, and of various sizes, a series of 
experiments have been made, which are exhibited 
in the following Table. In it, the description of 
wick, the number of candles to the pound, the 
weight of one candle with its durability, and, 
from thence, the time that one pound of such 
candles will last, are shewn; from thence, the 
expense of burning each kind for 12 hours, at a 
specific price. The time that one candle lasted, 
as therein expressed, is the average of several 
experiments made for the purpose of ascertaining 
the fact. 
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The suggest! 


)D5 of Dr. Franklin, relative to a H 


greater proportion of liglit being obtained by H 


Using two candles in such a position as allows H 


ihe flames to touch each other, than when they ■ 


are burnt separately, has been proved by many H 


experiments to extend to the flames of gas lights. 1 


These, when combined, yield a much stronger H 
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light than they would afford if used in a separate 
state. Whenever flames for producing light are 
placed near to each other, the consequences 
ensuing are always most beneficial, inasmuch as 
thereby the heat of the flames are preserved; 
for, they act in mutual defence against the cool- 
ing influence of the surrounding air. This prin- 
ciple suggested the construction of the Liverpool 
lamp, which acts by flat wicks placed so as to 
exhibit, when lighted, a cylinder of flame. From 
it unquestionably arose the idea of the Argand 
burner used by the different gaslight establish- 
ments. As the illuminating power of the Liver- 
pool lamp is superior in its effect, and, at the 
same time more economical than any other, so, 
much greater advantages arise from burning gas 
upon a similar principle. By its use, the junction 
of many flames is effected, without any fear of a 
loss of light from its not being exhibited in a 
thin surface ; for, as one flame is perfectly trans- 
parent to that of another, there cannot arise an 
apprehension of the strength of light afforded by 
a burner or a lamp being diminished on account 
of the flames being by each other covered. 




CHAPTER III, 



I Ike Natural IlistoTy of Coal and ih component Parts, 
as ascertained bi/ Analysis. 

Coal, or pU-coal, as it is called in mineralogy, 
is a solid inflammable substance, somewhat 
Bhining', dry and light, compared with the strata 
in which it is found. In this country it is very 

^ abundant, and may be considered almost inex- 
haustible. It is peculiarly adapted for domestic 
■ipurposes, as well as various uses in the arts. It 
is found chiefly in the countries lying nearly in 
the same latitude with Great Britain. It is like- 
wise said to be found in the northern parts of 
China. In the southern hemisphere, it is stated 
to be very abundant in New Holland ; but we 
L have no distinct account of coal in the continent 
I of Africa. Of this substance, there are 

1. Jet. 
This substance is found in Trance, Spain, Ger- 
Ifmany. Britain, and other countries, in detached 
P kidney-form masses of ^-arious sizes, from an inch 
V to seven or eight feet in length. The colour is a 
I deep black; internal, glossy, opaque; not so 
I brittle as asphaltum; textui:^.ft^ated; tracture 
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4. Spurious Coal. 

This species is generally found amidst strata , 
of genuine coal. It is also called parrot-coal in 
Scotland. The colour is greyish black. Struc- 
ture usually slaty, texture earthy, specific gravity 
1,5 to 1,6; generally explodes and bursts whec 
teated. It is composed of charcoal, maltha, and 
asphalt., and above ,20 of stony matter. 

5, AnthracUe. 

This substance, as Dolomieu informs us, is 
found exclusively in the primitive mountains. It 
is commonly amorphous, sometimes crystallized in 
short hcKagonal prisms, colour black or brownish 
black, structure slaty, fragments rhoraboidal, 
specific gravity 1,3 ; often stains the fingers. 
Tiiia species bums precisely like the spurious 



I'.urth awl mcUllic imiikr and sulpLui 
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coal, leaving »40 of white ashes. According to 
DolomieU) it is composed of about 

64,0 charcoal 

32,5 silica 
3,5 iron 



•v*i 



100,0 

6. Kilkenny Coal. 

This mineral has been found in Hungary, Italy, 
France, Ireland, and Wales. It occurs in strati* 
fied masses, or in lumps nested in clay. The co« 
lour is black. Opaque. Texture foliated* Specific 
gravity 1,4 to 1,526. Often stains the fingers. In- 
soluble in acids. Deflagrates with nitre. Does 
not bum till wholly ignited, and then consumes 
slowly without emitting flame or smoke. It con- 
sists almost entirely of charcoal and sulphur ; the 
latter is in a very large proportion, which sends 
out while burning a suffocating effluvia. It does 
not produce any soot, but whitens the places 
where the fumes are condensed. 

7. Culm Coal. 

This species of coal has nearly the same ap- 
pearance as that of common coal, but its texture 
is more dull. In Sweden it is considered a dis- 
tinct species : but, what is commonly called culm 
in England, is the refuse or dust produced by 
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working the different kinds of coal. It will not 
kindle except in furnaces where there is a great 
draught of air. It is not subject to the high duty 
laid upon other kinds of coal. 

8. Sulphureous Coal. 

This is a dull and heavy species of coal — it 
contains a very considerable portion of pyrites, 
and produces a great quantity of ashes. There is 
a great danger in working this coal, for if any con- 
siderable quantity is left together, it generates 
heat, and will set the mine on fire. — Specific 
gravity 1,5. 

' 9. Bovey Coal. 

This coal consists of wood penetrated with pe- 
troleum or bitumen, and combinations of sulphuric 
acid. It is found in many parts of the continent, 
but is most abimdant in England at Bovey, near 
Exeter, from which it derives its name. 

The foregoing are the kinds of coal commonly 
known ; but the different qualities and proportions 
of their ingredients make a number of other va- 
rieties used for different purposes. Thus, various 
kinds of coals are often found mixed with one 
another under ground, and some of the finer sorts 
run like veins between those of a coarse kind. Ou 
subjecting pit-coal of any kind to distillation, it 
first yields a watery liquor, then a volatile oil, 




•fterwards a volatile alkali, and lastly, a thick oil ; 

L j^t it is remarkable, that, by rectifying thjg last 

I oil, a transparent and light oil is produced, which. 

pteing exposed to the air, becomes black like ani- 
mal oils. From this and other observations it is 
generally supposed, tliat co^ds derive their origin 
from vegetables buried in the earth. " The 
amazing irregularities, gaps, and breaks," says 
M. Magellan, " of the strata of coals, and of 
other fossil substimces, evince that this globe has 
undergone the most violent convulsions, by which 
its parts have been broken, detached, and over- 
turned, in different ways, burying large tracts of 
their upper surfaces, witii all the animal and ve- 
getable productions there existing. And it is easy 

I to be conceived, that the various heaps and con- 
geries of these vegetable and animal aubatances, 
remaining for ages and ages in the bowels of the 
earth, Jiave obtained various consistencies, and 

I Btill produce those oily and bituminous juices 

' which find way to gush out, leaving behind their 
thickest parts on the same places where tliey are 
found, and in many others where the industi-y of 

-joankind will never be able to penetrate." The 
DBost diligent investigation must fail in produ- 

■4!ii^ any certain conclusions on the subject; for, 
pursuing our inquiries, we meet with diffi- 

Iculties which appear to be insurraouutable. It is, 

Ihowever, a singular fact, that remains of species 
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of plants are found in the coal mines of Qreat 
Britain^ which now exist only in the equatorial 
regions. 

Although it is in some measure digressing from 
the subject, it may not be considered iminterest- 
ing to the reader, should something be said on the 
theory of the earth and of stratifications, the coal 
strata forming one amongst the various mineral 
productions, which to account for is found so 
difficult by theorists. Theories have been various, 
and some excessively wild ; yet, amongst such as 
have some shew of reason on their side, it is diffi- 
cult to subscribe to one bearing such striking 
marks of truth as to leave full conviction of a su- 
perior claim to notice. 

The mind of man, though exceedingly capacious, 
and enlarged by experimental research, when en- 
gaged in theoretic speculations, which are above 
human reason, becomes bewildered. Thus the 
theorist fixes his attention upon what appears to 
him plausible — argues himself into a belief of its 
merits, and then sits down to endeavour to con- 
vince the world that his theory is true. We are 
completely lost amidst the contradictory state- 
ments that have arisen upon this important sub- 
ject. Some of these theories we shall here 
briefly notice. 




¥ 



The object of this theorist was so to account for 
the formation of systems, that the opinions he ad- 
vanced might be in consonance with Scripture ; 
consequently, in no part of bis work are argu- 
ments to be found which can in any wise militate 
against tbe work of creation being effected by an 
almighty Being. Tbe earth, in its original state, 
he supposed to have been in form spherical — its 
surface smooth, the exterior forming a solid in- 
crustation over a fluid interior mass. In short, 
.except as to shape, according to this theory, the 
earth would in point of construction bear great 

limiiarity to an egg, — and it is very well known 
that amongst the roost venerable ancients an egg 
was the solemn and remarkable symbol of the 
world, and that nothing was more celebrated in 
the most early authors than the original 'n« 'Of^Ko.. 
which it is most reasonable to suppose was refer- 
red to the entire and internal constitution of the 
earth. He supposes the surface to have been de- 
void of irregularities, and accounts for those which 

low exist as arising from the general deluge. 

iccording to liis theory, the flood was occasioned 

ly the rays of the sun penetrating through 
the surface of the earth, and so heating the in- 
terior waters as to cause a considerable expansion 
thereof, by which the incrustation was broken. 



and the water rushing forth in vast torrents 
formed the different seas. In doing this, it na- 
turally followed that some part of the surface of 
the earth would no longer be supported by a 
plenum, and where such was the case it would be 
precipitated towards its centre by this action 
causing the mountains and valleys which now 
exist. The latter being in those situations where 
the waters had escaped from and left a vacuum. 

Descartes Theory. 
The theory of this philosopher was very similar 
to that of Burnet : both appear distant from pro- 
bability, and the basis upon which the evidence 
rests that is brought forward to support them, so 
much at variance with sober contemplation of the 
subject, that they could hardly be expected to 
stand. It is certain, we may from them contem- 
plate with admiration to what heights a fertile 
genius will soar; but, whilst we are so doing, we 
find no substantial proofs from their writings to 
establish either theory. 

fVhiston and Dr. Woodward's Theory. 

These writers pursue nearly the same track as 
the former. Whiston, however, alters his theory 
from theirs in some points, to make it more con- 
sonant with certain passages of Scripture accord- 
ingtohis interpretation of them — whilst Dr. Wood- 
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ward ditfers from Burnet on the subject of the 
smoothness of the earth's surface prior to the 
I general deluge. Bnmet ascribes the origin of 
I rivers to watery condensations in the polar re- 
gions. Dr. Woodward attempts to prove that 
rivers could have no existence were the earth 
void of mountains. 

M. de Btiffms Theory. 

The reasonable suppositions and the moderation 

with which they were advanced by tbe theorists 

already mentioned, were such as could not fail to 

I claim some attention; but M. de Butfon's theory 
«) abounds with improbabilities, that we can 
hardly give him credit for any thing beyond 
having given the utmost limits to his imagination. 
He supposes that about 75.000 years ago a comet 
in performing its revolution struck against the sun; 
by the violence of the shock a considerable por- 
tion of the aun was broken off and carried into the 
regions of space. On such event occurring, the 
I part so disunited was in a red-hot liquid state — 
■ it separated, and was formed into the various 
I planets. By this theory it does not appear that 
K'.the earth could become cool in less than about 
B^2,000 years— condensation of water did not com- 
mence till the end of 25,000 years, and to com- 
plete this process it required a lapse of 10,000 
more.— After this condensation was accomplished. 
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he allows the creation of shell-tish and the formft' 
tion of the variuus strata of the earth in the bosom 
of the waters. Another period of 15,000 years he 
considers to have been necessary should elapse 
before the waters receded — that when such event 
took place, the valleys were occasioned by dif- 
ferent currents, which carried on a regular system 
of calcareous formations, and formed the beds of 
alluvium. I 

" Alluvium," says Mr. Phillips, in his Outlitteqf ' 
the Geology of England and JVales, " occasionally 
" covers the more elevated tracts in this country, 
" but oftener rests upon their sides, and still more 
" frequently forms the surface of low lands, some- 
" times to such a depth as hides from obser\'ation 
" the nature of the stratum on which it is de- 
" posited. It occurs beneath the vegetable soil, 
" and consists of the ruin of the neighbouring 
" rocks, or even of distant strata, fragments of 
" which are often enclosed in the gravel, or sand. 
" or loam, or mud, or silt, of which the deposition 
" consists. Some of them enclose the bones of 
" animals, not in a mineralized state, and occa- 
" sionally shells, of which it is remarkable that 
" some have been found more nearly approaching 
" those now existing in the sea, than such as oc- 
" cur even in the newest of the regular strata. 
" The name of this deposite is descriptive of its 
" undoubted origin ; alluvks, in the Latin, signi- 
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" fiea a land-flood. This term, however, might 
" seem to confine the cause that has produced 
*' ruin of so great extent to ancient agency of 
'* almost universal floods: but it is certain that 
" there exist accumulations of some of the sub- 
" stances already named, which are not of an- 
** cient date, but that result from causes even 
" now operating. Such are the consequences of 
" mountain-torrents and rivers. These, carrying 
" down the portions of rocks, detached by the 
*' action of the atmosphere, or of water, some- 
times leave accumulations of detritus, which 
tend materially to alter the features of a coun- 
try; and, by reasoning on the smaller opera- 
tions of nature we are sometimes enabled to 
*' form an estimate of those which are on a larger 
" scale." 

But, to return to Jll. de Bttffhna theory. — The 
creation of man he fixes about G.OOO years back, 
and accounts for animals having existed, by sup- 
posing a number of living atoms, capable of pro- 
ducing new species, and perpetuating those al- 
ready e^Ung. 

Kirwan's Theory. 

I The opinion advanced by Mr. Kirwan on the 

(abject of the production of the diflerent moun- 

f tains and rocks, whether stratified or not strati- 

I fied with valleys, ^c, supposes, that, originally, 
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the globe, to a certain extent, was liquid; and 
that, in consequence, when its upper menstruum 
was in a state of solution, the revolution of the 
earth upon its axis produced them. 

Dr. Huttojis Theory. 

As to the manner in which the earth and sea were 
originally produced, Dr. Hutton does not seem to 
give any explanation ; but the formation of hills and 
valleys he ascribes to the continued operation of 
rivers and currents in general. These, carrying 
along with tliem the soil, over and through which 
they pass, ultimately lodge it in the ocean: there 
it accumulates to a prodigious extent, and, by the 
action of subterraneous fire, becomes consoli- 
dated : and are we not daily presented with 
various instances to prove how the water acts 
upon the soil it passes through? It makes en- 
croachments upon one coast whilst it conveys soil 
towards another. Considering, therefore, that 
the revolution of the earth upon its axis is per- 
petual, and what effects may be produced by 
immense bodies of water continually rolling backr 
wards and forwards between the poles and the 
equator, we need not be surprised if extended 
periods of time produce great changes in the ap- 
pearance of the earth, and considerable alterations 
in the structure of mountains, uf rocks, and also 
of stratification in general. 
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tn support of this theory, we might bring, as 
an argument, that the alluvial formations are, in 
many parts, constituted of different materials: that 
some spaces are hard> calcareous, and rounded, 
whilst others are in an original stat6 of roughness : 
others, being in some soirt roUiided, are partly de- 
prived of their sharpened edges, as if they had 
been brought from such distances as were inferior 
to that from whence was brought the rounded 
pebble. 

In addition to the theories already noticed^ 
there are others by Bertrandj Humboldt^ Werner^ 
Saussure, Cuvier and BakewelL In Thomson^s 
Annals are some very interesting papers, written 
by Mr. J. B. Longmire, on formations and their 
different phsenomena. This gentleman classifies 
the primitive formations under new names, ac- 
cordingly as they are stratified or not stratified ; 
the latter he calls " concrete,'' the former of pri- 
mary formation, " concrete, earth, stone, or by 
such other name as is significant of the matter of 
which they are formed. 

Cuvier s Theory. 

This eminent naturalist very fully examines the 
organic system of nature, and ascribes the differ- 
ent formations of the earth to the joint operations 
of fire and water. He is clearly of opinion that 
the whole of what is described by those who 
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adopt the Wernerian system, as secondary forma- 
tions, has been formed since tbe creation of fishes 
and animals, and the primitive rocks were formed 
before animals were created. According to the 
systerajust alluded to, when primitive formations 
are spoken of, we are to understand such as are 
devoid of organic remains, or marine impressions : 
these are to be considered as having been formed 
antecedent to the secondarj^, which bear evident 
marks of organic remains, marine impressions, and 
vegetable matter. In support of his theory, he 
states that the primitive rocks bear no marks of or- 
ganic remains, and have no impressions of shell-fish 
in their strata, and the oblique direction in which 
they pass beneath such rocks as are of secondary 
formation. The manner in which thaws and rains 
operate in forming new alluvial matter, he ex- 
plains, and also, when their action is joined with 
that of rivers, how, in process of time, the forms 
of rocks, coasts, and valleys, are changed, 

" The ground of this theory," says Mr. Holmes, 
in his Treatise on the Coal Mines of Durham and 
Norlhumbcj-land, page G5, ^-c, " appears to be 
" more generally supported than any other, and 
" at once opens to the imagination a striking and 
" wonderful sublimity in the plans of nature. If 
" we contemplate the slow, though progressive, 
" revolution of systems; if we unite with them the 
" frequent and extraordinary etiects of volcanic 
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' eruption, the mind is lost in its ideas of an ori- 
' ginal creation, and calculates in vain to discover 
' the embryo of nature. 

'* We can only depend, however, upon our own 
' powers of judgment, and the additional means 
' of evidence which are furnished us for the re- 
' conciliation of these theories to our individual 
' suppositions. 

" It appears most probable that the different 
' strata have been formed by the mutual co- 
' operation (under various circumstances) ofde- 
' composition in the internal laboratory of nature 
' and vslcanic eruptions; that subterraneous fires 
' forced a passage through the superincumbent 
' strata, and created a series of formations by 
' the lava, which, descending from the crater, or 
' raouth of the volcano, formed into pyramidical 
' lamina. Supposing these eruptions to have been 
' periodical, depositions of alluvial matter, which, 
* in some cases, might, by compression, become 
' concrete and consolidated, would take place, 
' and produce alternations of soil and strata. 

" It is observed iu many mountains, particu- 
' larly the Brocken mountain, in Hartz Forest, 
" Lower Saxony, that the bed which forms the 
■* base of the strata in the surrounding valley, is, 
■• at the summit, the uppermost stratum. This 
" is supposed to be occasioned by a subter- 
" raneous, matter intensely acted upon by heat. 
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" having forced its way through the several strat* 
" when in a liquid or tangible shape, and thus 
" caused the elevation of the lower stratum, and 
" rent the upper ones asunder. This will be 
'" better understood by laying four or five elastic 
" planes, one upon another, fastened down at 
" each end, and then force a conic substance un- 
" demeath up the centre, until the point breaks 
" through or penetrates the whole of the planes. 

" Is it not, however, equally probable that an 
" eruptive mass might, for a time, accumulate it* 
" self into a conical mountain ; that, by becoming 
" cool, it would concrete until its central region 
" was again dissolved by heat, and emitted fresh 
" eruptions of lava, forming new layers round 
" the original cone, and so, by alternate cessations 
'* and eruptions, produce many and different sub- 
" stances? This is the more probable from the 
" extremities being thinner and more shattery 
" than almost any other pait. These alternating 
" strata have, in general, the remains of shell-fish 
" imbedded in tliem, from whence is deduced an 
" idea of their having been originally horizontal j 
" but, according to the theories of Burnet, Dc 
" scartes, and Demaillet, these materials might 
" have been deposited during the earth's ira- 
" mersion in water ; »o tliat what would be con- 
" tradictory in one theory, is reconciled by au- 
" other. 



HISTORV OF COAL. 63 

" But, as it is not my intention, or the object of 
this work, to expatiate fully upon the origin of 
rocks and minerals, I hope the explanation of 
sucli parts as relate to coai will be found satis- 
factory, according to the information we have 
upon the subject 

" Whatever were the original causes of the 
stratifications within the earth, it is certain that 
they possess an astonishing resource of different 
minerals and fossils, in which the researches of 
chemists and mineralogists are daily discovering 
some new principle, — some new cause for ad- 
miring the wonderful works of a great and be- 
neficent Creator. 

" These valuable productions of nature, gradu- 
ally drew the attention of mankind to explore 
the inner regions of the earth, and accelerated 
the progress of mining to its present state." 
Having spoken somewhat at length on the com- 
ponent parts of coal, as well as on various theories 
of stratification, perhaps, by dividing the different 
kinds of pit-coal into fewer classes than those 
already noticed, the classification will be simpli- 
fied and rendered more familiar to the reader. 
Pit-coal may be divided into three classes, accord- 
ing to the proportions of the component parts. 
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CoaU of the Firist Class. 

Such coals, as are chiefly composed of bitumeni 
are to be considered as belonging to the first 
class. 

Second Class of Coals* 

Those which contain a lesser proportion of 
bitumen and more charcoal, comprehend the va* 
rieties of the second class. 

Third Class of Coats. 

The third class are such as contain very little 
bitumen, but are chiefly composed of charcoal 
chemically combined with different earths. 

Remarks upon Coals of the First Class. 

Those coals which come under the first class, 
light without difficulty, bum with a bright and 
yellowish white blaze during the whole process of 
combustion. They do not cake nor require stir- 
ring ; neither do they produce cinders, but are re- 
duced to white ashes. Coals of this class are apt 
to throw out splinters whilst burning ; but, as has 
been before observed, that may, in a great measure, 
be obviated by wetting them prior to their being 
used. At the head of this class is to be placed 
cannel-coal. Those of Lancashire, and such as 
are obtained on the western coast of this island 
also belong to it. It sometimes occurs in the 




Conl-pits of Durham and Norlhumberland. Most 
of the varieties of Scotch coal may also be con- 
'•idered as forming part of it, and more particularly 
"the spkni, which is an inferior kind of camtel-coat. 
Although this class of coal generally produces 
gas in considerable quantity, it is doubtful whe- 
ther it be worthy of the gas-light manufacturer's 
notice, and particularly in London ; for, when it 
is submitted to distillation, there is no product 
of coke, as in coals of the second class; and, 
what is worse, the gas evolved is of so much 
greater specific gravity that, unless the gas-holder 
ibe worked at an extremely light pressure, it will 
be highly offensive io the houses where it is con- 
sumed. It is not so easily purified as the gas 
procured from Bewicke and Crastors Wallsend 
coal, nor is it so beneficial. 

Some of the varieties of this class are, the Hart- 
'|eys, Wylam, Tanfield Moor, Eighton Main. 
lowpers Main, BIythe, and Pontops. Of these, 
;Hartleys and Wylam are well adapted for heating 
iTCtorts, — the latter in particular. Tanfield Moor, 
lough generating a very large proportion of heat, 
not so; it is so very subject to clinker, and to 
itroy the grate-bars, as well as the retorts and 
■work, as to render it very unfit for such 
i^rpose. 




Remarks upon Coals of the Second Class. 

Coals of the second class do not burn with 
bright a flaroe aa the former. The flame of these 
coals is of a yellowish tinge. After laying some 
time on the fire they become soft and swell : they 
then cake and produce tubercles, from whence 
issue small jets of flame. When coals of this kind 
are burnt in an open grate, the passage of the 
air through them is prevented by the top of the 
fire calung and closely adhering. The consequence 
which follows is this; the lower part of the coal 
contained in the grate is consumed and leaves a 
hollow, whence, if the upper part were not oc- 
casionally broken, the fire would go out. These 
coals produce a smaller proportion of ashes than 
coals of the first class. They are of a greyish or red- 
dish colour, according to the quahty of the earthy 
part of which the coal may be constituted. They 
produce hard grey cinders, which, being burnt 
over again with fresh coals, produce a veiy strong 
heat. The colour of the flame produced from 
this class of coal is not so white and briUiant aa 
that emitted by cannei-coals, and those of similar 
properties ; and that portion of it which is given 
out after the bitumen it contains is disea- 
gaged, is of a pale blue colour. The gas which 
they produce during this part of the process of 
combustion is a mixture of oxide of carbon, hy- 
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drogen, and carbonic acid. Tlie coke produced 
from this class of coal, during the process of 
generating gas therefrom, when carbonization is 
properly carried on, is well adapted for domestic 
and culinary purposes; and, when such coal is 
manufactured into coke in the ordinary way, it is 
calculated to be used in the furnaces of iron- 
founders, and for other metallurgical operations. 
Coals of this class are, in the market, denominated 
strong burning coals. The coals which may be 
named under it, are Bewicke and Crastor's 
Wallsend, Bewicke's Wallsend, Russeis Walls- 
end, Bell's Wallsend, Brown's Wallsend, Wear 
Wallsend, Manor Wallsend, Wellington Main, 
Temple Main, Heaton Main, Kiliingworth Main, 
Headaworth, Hebburn Seam, Button Seam, and 
Nesham. Smiths prefer the smaller kind of this 
class of coals before any other, in consequence 
of its affording the greatest heat, the best cinders, 
and standing a strong blast. Swansea coals may 
be considered as belonging to this class. Some 
of the varieties contain pyrites, others thin layers 
of lime-stone and shells : these are found amongst 
the ashes they afford as slates and stones. When 
submitted to distillation, a greater heat is required 
than is necessary for decomposing coals of the 
first class : but the gas which they afford is easily 
purified, and is generally better adapted for use 
than that obtained from coals of the first clas.?. 
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The aqueous fluid which passes over, during the 
process, contains sulphate, carbonate, and hydro- 
sulphuret of ammonia. When coals oi'tliiskind 
are mixed with those of the first class, in the pro- 
portion of two-thirds of the former with one-third 
of the latter, an excellent fuel is thereby formed ; 
and if, in making the mixture, the proportion of 
coals of the first class be increased, the fuel will 
be more easily managed, and will burn with 
greater cheerfulness ; but then its durability will 
decrease in a like proportion. 

Remarks upon Coals of the Third Class. 

Coals of this class require a very high tempera- 
ture to bring them into ignition, tliey do not burn 
till wholly ignited, and then some of tlie varieties 
produce a very weak flame : others, neither yield 
flame nor smoke, and merely produce a red heat, 
like that which is generated by charcoal, when 
under combustion. They contain a very consider- 
able portion of charcoal ; they produce only a 
small quantity of ashes, but these are generally 
very heavy. When distilled in close vessels, they 
do not produce much tar, and that portion which 
is disengaged, comes over in a state nearly re- 
sembling melted pitch. Under that process they 
also yield a gaseous fluid composed of gaseous 
oxide of carbon, hydrogen gas, and a considerable 
portion of sulphuretted hydrogen. Considering 
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the nature of the different varieties of this class of 
Coals, it can hardly be expected, that it would be 
profitable to use them for generating coal gas. 
The Kilkenny, Welsh, and Stone coal, are va- 
rieties forming this class. 

In order to form an idea of tlie probable time 
that Great Britain may be supplied with coal 
from the mines of Durham and Northumberland, 
we are to consider that the seams of coals now 
worked in those counties are equal to a bed 
twenty miles long by fifteen miles broad, and 
that the average thickness of this bed is one yard 
and a half: also, that from one-fourth to one- 
t«ixth is sufficient to be left as props for support- 
ing the tops of the mines. In making our cal- 
culation, suppose we state one-fifth to be left, for 
that purpose. Then 

15xl7G0=26,400 yards, 

20 X 1760 = 35,200 yards, and 
26.400 X 35,200 X l^ = 1,333.920.000 cubic yards 
of coal contained in the mines above mentioned; 
from this we are to deduct one-fifth for pillars 
to support the roof; — thus, 

1,393, 02O,0OO-=-5 = 278,784,00O, and 

,393,920,000— 278,784,000 =l,n5,13G,00acu. 

: yards of coal, which may, in process of time, 

brought to market; and, as each cubic yard of 
the various species of coal produced from these 
mines is known to be equal to one ton, conise- 
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qiiently. the number of cubic yards and of tons 
are equal. Now, as it appears from the register 
that tlie total annual consumption of coals, from 
Newcastle and Sunderland, is 2,300,000 chaldrons, 
of 27 cwts. each, it follows, that the annual con- 
sumption in tons, is 3,105,000. 

The total quantity of coals which these mines 
are capable of supplying, having been stated at 
1,115,136,000 tons ; therefore, if that number be 
divided by the tons annually consumed, the 
quotient expresses the number of years such 
annual supply can thence be given; thus 
l,115,136,000-i-S,105,000=:359 nearly, and such 
number of years they will afford a source of 
consumption. 
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€ Economy of using Pit-coal as Fuel—ihe Heat it gene- 
rafts — the Formsof GraUs and Fire-pUices — zeith Remarks 
on the various Abuses practised in the Coal-trade, Sfc, Sfc. 

AVHEN pit-coal is used for fuel in open fire- 
places, the quantity of heat generated thereby 
depends very considerably upon the fire being 
properly managed. If it be allowed to bum 
clear, it will throw out much heat; but, if the 
coal be heaped upon it in such a way as prevents 
a current of air from passing through the mass, 
it will be smothered up, and produce a very small 
proportion ; most of the heat will be lost by its 
being employed to give elasticity to the smoke, 
which rises in great abundance. The combustion, 
wider such circumstances, must be very incom- 
plete ; for the carburetted hydrogen gas will be 
driven up the chimney uninflamed, and therefore 
the fuel will be used with little benefit. But coal 
H often thrown upon the fire in this way by 
servants, by which the flame is frequently many 
hours in making its way through the top of the 
fire ; and sometimes before it can do so, the fire 
is actually in danger of going out altogether. 
Vhilst this wasteful process is going on, the fire 
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does not communicate any heat to the room, and 
the throat of the chimney being filled with a heavy 
vapour, void of any heating quality, and having 
but little elasticity, the warm air in the room 
forces its way up the chimney, and thence escapes 
more easily than when the fire bums with a 
degree of brightness. Indeed, where chimneys 
and fire-places are not constructed with judg- 
ment, it often happens, that the current of warm' 
air from the room, on entering into the chimney. 
BO crosses ujron the aqueous vapour, which escapes 
slowly from the fire, as considerably to impedei 
its ascent, and in some cases to force it backi 
into the room ; and, from this circumstance it is^' 
t^t chimneys so often smoke when a largdt 
quantity of coal is heaped upon the fire. Such; 
a quantity of coals ought never to be put upon 
the fire at one time as will prevent the free 
action of the oxygen of the air through them; 
consequently, there ought always to be left a 
sufficient passage for the flame produced. Or, 
when small coals are used, not more should bft 
laid upon the fire at once than will be quickly ao 
heated through as to give out the gas which they 
contain in such manner as will allow it to be 
inflamed as it is generated. By paying attentioq 
to the quantity of coals put on the fire at once, 
and avoiding smothering it up, much will be coii7> 
tributed towards cleanliness ajid comfort, and 
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more particularly so if the following rules for pro- 
perly managing it be observed : — 

Ist. Stirring of a fire is of use, because it 
makes a hollow, where the air being rarefied by 
the adjacent heat, the surrounding air rushes 
into this hollow, and gives life and support to 
the fire, and carries the flame with it. 

2d. Never stir a fire when fresh coals are laid 
on, particularly when they are very small, be- 
cause they immediately fall into the hollow place, 
and therefore ruin the fire. 

3d. Always keep the bottom bars clear. 

4th. Never begin to stir the fire at the top, 
unless when the bottom is quite clear, and the top 
only wants breaking. 

Having shewn what is requisite for generating 
radiant heat, the means for causing the greatest 
proportion thereof to enter the room for the purpose 
of wanning it, is next to be attended to. The 
rays which are throuTi out from burning fuel 
possess the properties of generating heat only 
when and where they are absorbed, and of 
being reflected without generating heat at the 
surfaces of certain bodies ; therefore, by knowing 
these properties, we shall be enabled to adopt 
such measures as cannot fail of producing the 
eflect we may desire, namely, bringing into the 
room a lai^ proportion of radiant heat. In 
order to do this, we are to cause aa many of the 
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rays as we can that are sent off from the tire, to 
come directly into the room, which can be 
eftected by bringing the fire as far out as possible, 
and making the opening of the fire-place as wide 
and as high as circumstances will admit of. The 
back and sides of the fire-place ought to be made 
of such form and such materials as will cause the 
direct rays of heat from the fire which strike 
against them to be abundantly reflected into the 
room. The best form for the vertical sides of the 
fire-place, or covings, is that of a perpendicular 
plane, which makes an angle of about 130 de- 
grees with the back of the fire-place. In the 
construction of many fire-places, the angle formed 
between the back and the covings is a right one, 
which, of course, by causing the two sides to be 
parallel to each other, is in nowise calculated for 
causing the rays of heat which fall upon their 
surfaces to be reflected into the room. But, if 
the back of the fire-place be about one-third of 
the width of the front, the two covings, instead 
of being parallel to each other, will each stand at 
an angle of about 130 degrees from the back of 
the fire-place ; by this means, they will present 
oblique fronts towards the room, and thence the 
rays of heat which had fallen upon their surfaces 
will be reflected into it. As to the materials 
which may be most advantageously employed for 
constructiDg fire-places, it is clear that those 




arc the best which reflect the most or absorb 
the least of the radiant heat generated. Such 
bodies as absorb radiant heat are of necessity 
heated by that absorption ; we are, therefore, 
to find by experiment, what bodies acquire the 
least heat, by being so placed as to allow the 
direct rays from a clear fire to fall upon them 
for a given time; and, having ascertained the 
&ct, we are to consider such body as most fit 
for constructing the backs and covings of fire- 
places. As it is well known, that iron and most 
metals grow very hot when exposed to the rays 
thrown out by burning fuel, they are the worst 
materials that can be used for constructing the 
backs and covings of fire-places . and, as fire-stone 
and common bricks absorb the heat given out by 
a fire, when so exposed, in a very small degree, 
they may be considered as the best materials for the 
purpose. But, if fire-places are constructed of 
bricks and mortar, such should have a thin coat of 
Cement given them, which, when dried, ought to 
be blacked and brushed bright in every part that 
is not liable to be soiled by the ascending smoke. 
The interior part of the breast of the chimney 
ought to be so rounded off, (instead of being left 
flat, full of comers and holcB,) as to allow a free 
current of air to pass under the mantel-piece into 
the chimney : under this arrangement, the air 
will more easily unite with the smoke as it ascends. 
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1 and be less liable to cross it, and drive it back into 
the room. As to the height which the back and 
covings ought to be carried, it will depend on 
the height of the mantel, and that part of the 
chimney where the breast ends, and the begin- 
ning of the upright canal is formed. The back, 
i «nd also the vertical covings must be carried 
r about six or eight inches higher than the breast ; 
f by their being so, the throat of the chimney will 
' be so formed as to render it altogether unnc- 
' cessary to carry them higher. 

For most firc-plnccs, the throat of the chimney 
I Ought to be about four inches wide ; but, iu cases 
I where the fire-place is small, and the chimney 
t well situated, three may be sufficient : how- 
^eyer, it sometimes happens, when the throats of 
I rfiiraneya are very narrow, by putting on the fire 
t much coals at one time, the smoke will be puffed 
f down. Four inches may be considered the best 
I width for fire-places where coal is to be burnt. 
V But in large fire-places, it may be increased to 
' aix or seven inches. 

Grates, to be used in rooms of the middle size, 
I ought to be from six to nine inches from the bars 
J-fa front to the back. No grate ought to be less 
I than five inches wide, for any further diminution 
> will cause it to be very difficult to keep the fire 
made in it from going out. 

The size of the coal is an important subject, as 




it regards ihe production of heat ; for when small 
I jioals are used in fire-gratea of the ordinary kind, 
I they are very wasteful. Whenever small coals 
l-ATe used, it is found necessary to stir the fire; 
' by doing so, before they are thoroughly caked, a 
great portion of them pass through the bars, and 
are taken to the dust-hole without being burnt. 
In large grates, small coals may be of some 
use when thrown on the back part of the fire ; 
but fires made with them are neither so strong or 
80 bright as those made with large coals. 
But the loss which is occasioned to the lower 
I orders of society from using small coals is in pro- 
' portion greater than in the houses of the rich ; for, 
in the large fire-places of the latter, the small coal 
has a much greater chance of being burnt than in 
the small grates of the former. The poor cannot 
afford to keep large fires, and have but little 
time to spare for preparing their meals ; the conse- 
quence is, that they must imavoidably stir the 
tire, juid by so doing, waste a considerable portion 
i of coal. But to them the loss is increased by the in* 
jferior kinds of coal which they are compelled to 
Ipurchase. when their supply is frequently obtained 
by the bushel or peck from the coal-shed. If they 
Me supplied from thence with coals of the first 
class, the rapidity with which they burn causes 
I them to consume double the quantity necessary; 
|if they use coal of the second class, the slowness 




with which it burns makes it to them nearly as 
wasteful — for a great quantity thereof goes to the 
dust-bole without being burnt. 

It is an erroneous opinion, which leads to a 
supposition that the actual quantity of coal con- 
tained in a sack is diminished by screening the 
small from the large coals ; and it is easily con- 
futed by considering that a compact body does 
not occupy so much room as when it is broken 
into smaller pieces, or reduced to powder: — the 
case in question is similar — the screening of coal 
removes onJy the dusty part of it ; consequently, 
by that being taken away, room is given for more 
small pieces of coal being received into the sack 
than are equal in weight to tlie dust which it 
contained prior to the screening process. 

" And with regard to the measure of coal as 
" offered in the market," says Mr. Edington, in 
his work on the coal-trade*, " it may be remarked, 
" that many coal-merchants will promise to give 
" sixty-eight sacks to a room ; but here it should 
'* be observed, that much depends on the size and 
" shape, or, as it is called, the roundness of the 
" coal, viz., any of the Wallsend, Wellington, 
" Benton, Heaton, Hebom, Percy Main, Cowper, 
" Blyth, and Hartley, being all put on board of 
" ships in large masses and blocks, round as out 
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f of the mine ; it is certain, that in every room of 
'' five chaldron and a half, the in-grain, when the 
" round are broken, every room will measure out 
" from six to six and a half chaldron again, equal 

* to seventy-two or seventy-eight sacks ; those of 
' the inferior kind being so small, will barely 
■' measure out the same measure as they meted in 
' the Pool. It is now become a general rule, 
■' when a room of coals is bespoke, to send in 
" sixty-three sacks, and no more, with the meter's 
" ticket, which, if fairly measured, is all that can 
' be expected ; the overplus the merchant claims 

* himself. 

" In coal-sheds the measure, as well as the 

* mixing one kind of coal with anotlier, is often sean- 
' dalous, for the act of parliament does not take 

* the least notice of the small measures. It is a 
' known fact, when a fraudulent dealer orders in a 
' room of coals, for every chaldron of thirty-six 
' bushels, if he does not send them out at the rate 
' of forty-two bushels again, he will be dissatis- 
' fied with his measure. This is extremely hard 

* upon the lower class of people, who are only 
' able to purchase a peck or half a peck at a time; 
' and let the measure be ever so bad, they have 

* no means of redress. 

" But should the legislature determine to do 
" away the present enoneous mode of measuring 
" coals, in which the deception between round aad 
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' small coals is so great, there is no way completely 
' to remove the evil but to have them sold by 
' weight, in proportion, which would put it out of 
' the power of the seller to defraud, even in the 
' smallest quantity ; and as to tlie coal waggons, 
' instead of carrying the bushel measure they use, 
' let them have a pair of steelyards, so that a 
' sack, or any quantity of sacks of coal could be 
' easily weighed at the over-end of the waggon, 
' and if the sack of coals weighs 255 pounds, 
' after deducting the sack, the purchaser may be 
' satisfied that he has his measure." 

Mr. Edington observes*, " the difference is so 
' great between round coals, with regard to abso- 
' lute quantity, and small damp and dry coals, that 
' no means can be obtained to correct and prevent 
' abuse. Thus, if a vat of Wallsend coals be 
' measured from the ship, such measure as the 
' meter gives, — turn over the vat, and break the 
' round coals to the size tiie merchant sends them 
' out to his customers, then till up the vat again; 
' and it will be found to overrun a bushel, more 
' or less, according to the roundness of the coal. 
' Secondly, a score is measured out of Wallsend 
' coals in the Pool, into a barge havingfour rooms, 
' each containing five chaldrons, and a half the in- 
' grain ; no sooner does the barge arrive at the 
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'* wharf, than the round coals are broken, and if 
** very dry, the coals being wetted, will increase 
in bulk ; nor is the coal-merchant satisfied if he 
does not by this practice send out from six to 
** six and a quarter, or even six and a half 
" chaldrons from each room. Thirdly, if coals 
** were sent out by weight, the deception by 
** watering them may be supposed to be heavier, 
^* but the contrary is the case : for if a bushel of 
" Wall's End coals be measured up dry, it will 
" shew its weight to be from eighty-four to eighty- 
" five pounds ; then try another bushel of the 
** same coals well wetted, the weight will be found 
" not so great ; for the fact is, a bushel of dry 
" coals, if ever so rounds has always a part 
'' small, which runs like dry sand, and fills up 
" every cavity, making Ihe whole a solid mass ; 
** whereas a bushel of wet coals only closes up 
" the hollow cavity, and they clog together and 
'' will not weigh so much as the dry coals. In 
*' meting coals by measure, take a bushel of coals, 
** dry, turn them up and wet them well ; then fill 
^' up the bushel again, and they will over-run the 
" measure considerably, for, as before observed, 
" they fill up hollows. 

" By the proposed method of adopting the 
" sale of coal, both by weight and measurement, 
" justice would be done to the revenue, to the 
•* consumer of coals, and to all coal merchants 

(; 
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" and proprietors of the collieries. But, from the 
" observatioas already shewn, it is not to be 
' wondered that the coal- merchants give so 

* decided a preference to the round coals, be- 
B',^' cause the larger they are, by breaking, ^r., the 

I* greater the quantity will run over the mea- 
1* sure they receive in the pool; nay, they see 
' by the certificates put up in the Change on a 
' market-day, all such cargoes as arc loaded by 
' the spout only, and they will give from twelve- 

* pence to eighteen pence per chaldron in pre- 
' ference to large cargoes, even of the same coals ; 

tf' but from the size, the ship being obliged to take 

* a part of her lading in by keel, not so romid as 

* those wholly loaded by the spout." 

After what has beeu selected from Mr, Eding- 
I ton's Treatise on the abuses practised in the coal- 
I trade, perhaps nothing could be brought forward 
I irith more propriety as a conclusion to this chap- 
I ter, than the following abridged extracts from the 
coal laws. 

" Sea coal brought into the Thames shall be 
" sold by the chaldron, containing thirty-six 
" bushels heaped up, according to the bushel ' 
" sealed for that purpose at Guildhall. 

" Coals within the bills shall be carried in 
" linen sacks, sealed by the proper officer, which 
" shall be at least four feet four inches in length, 
" and twenty-six inches in breadth; and sellers 
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" of coal by the chaldron, or leas quantity, shall 
" put three bushels of coals into each sack." 
3 & 32 Geo. II. c. 26&27. 

" All sellers of coals are to keep a lawful 
" bushel, which bushel and other measures shall 
" be edged with iron and sealed ; and using others, 
" or altering them, incurs a forfeiture of fifty 
" pounds. 

" Any purchaser dissatisfied with the measure 
" of any coals, may, on delivery to him of the 
" meter's ticket, have the same re-measured, by 
" sending notice thereof to the seller, and to the 
" land coal meter's office for the district in which 
" the coals were sold; on which a meter (not 
" being the same under whose insi>ection the 
" coals were originally measured) must, within 
" two hours, attend to re-measure the coals, and 
" shall re-measure the same sack by sack, in the 
*' presence of the .seller and the purchaser (if they 
" attend), and also in the presence of a meter 
" from the two other districts (whose attendance 
" within London and Westminster is enforced by 
" a penalty of five pounds, but not in Surry) ; for 
" this attendance the purchaser is to pay each 
" coal-meter attending six-pence per chaldron. 
" If the coals prove deficient measure, the seller 
" shall forfeit five pounds for every bushel de- 
" ficient, and also forfeit the coals to the poor. 
" The meter under whose inspection the coals 
f. 2 
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'' were measured at the wharf, shall also forfeit 

*' five pounds per bushel deficient, to be recovered 
(if not in five days) of the principal coal-meter ; 
and coal-porters two shillings and sixpence 

*• per bushel. The carman is to be paid two 
shillings and sixpence for his horses, 4'c., for 
each hour, whilst the coals are re-measuring. 

Any coal factor receiving, or coal owner 
giving, any gratuity for buying or selling any 

*' particular sort of coals, and selling one kind 
of coals for and as a sort which they really are 
not, shall forfeit five hundred pounds." 3 Geo. 

II. c. 26. 

'' Owners or masters of ships shall not enhance 
the price of coals in the river Thames by keep- 
ing turn in delivering coals there, under the 
penalty of one hundred pounds." 4 Geo. II. 

c. 30. ** Contracts between coal owners, <!§x., and 
merchants of ships for restraining the buying of 
coals are void, and the parties shall forfeit one 

*' hundred pounds.'' 9 Ann. c. 28. 
** Wilfully and maliciously setting on fire any 
mine, pit, or delph of coal, or cannel coal, is 
felony without benefit of clergy." 10 Geo. II. 

c. 32. 

" Setting fire to, demolishing, or otherwise 

" damaging, any engine or any other thing be- 

** longing to coal mines, is felony, and transpor- 

" tation for seven years." 9 Geo. III. c. 29. 
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CHAPTER V. 

The Theory of the Combustion of Coal considered, for the 
purpose of explaining the Nature of Gas Light and its 
Production. 

W^HEN pit-coal is burnt in an open fire-place 
it emits flame, which is occasionally exhibited in 
streams of peculiar brightness. This flame is 
coal gas in a state of combustion. But, besides 
this gas, there are expelled from coal, by the 
action of heat, an aqueous ammoniacal vapour, 
(which, on being condensed, forms liquid am- 
monia,) a thick fluid nearly resembling tar, and 
some non-inflammable gases. The wavering and 
the changing of the colour of flame proceeding 
from a coal-fire is occasioned by the variety of 
products which coal affords, and, as these are 
evolved, we have, at one time, streams of brilliant 
light, at another, clouds of dense and aqueous 
vapour thrown ofl^, as smoke. Seeing then, that 
when coals are burnt in the ordinary way, we 
have evident proofs that they contain inflamma- 
ble gas, which, if collected and properly applied, 
would serve as a substitute for the lights obtained 
by using candles or oil, together with other 
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valuable products, — we must be aware, that, 
should they be distilled in close vessels, the 
various parts of which they are formed, may be 
collected. Such part of the coal as is bituminous 
will melt out, and be exhibited in the form of 
tar. That which contains ammoniacal salts, will 
be thrown off as vapour, and, ou condensation, 
will appear as an amber-coloured fluid, more or 
less charged with ammonia, according to the cir- 
cumstances under which the distillation may have 
been carried on, and the quality of llie coal. 
Whilst the above products are evolved, a consi- 
derable quantity of carburetted hydrogen gas, and 
some uninilammable gases are also generated. 
These having all been freed from the coal by the 
action of heat, and collected in their respective 
reservoirs, its base, which is a carbonaceous sub- 
stance, known by the name of coke, remains in 
the retort. The coal gas, being (reed from the 
sulphuretted hydrogen, and non-inflammable 
gases, is fit for use, and may be forced out of 
the gas-holder, where it is collected, to any dis- 
tance, by means of cast-iron pipes laid under 
ground ; from whence smaller pipes of wrought 
iron and copper convey it to the respective 
houses where it is to be burnt. At the extremity 
of the pipes are fixed burners, to which, by means 
of stop-cocks, the gas is admitted, and, through 
orifices made in the burners, it escapes, and is 



COMBUSTION OF COAL. 



87 



' ignited for the purpose of afibrding light. Thus, 

L from pit-coal, an article produced in considerable 

quantities in this country, may be obtained asub- 

1 Btitute for lights, which are afforded by using wax, 

I tallow, or oil, but of a superior quality, and at 

I considerably less expense. When this is consi 

dered, it cannot but be gratifying to the feelings 

of every EngUahman to know, that within his 

native country, there are abundant resources for 

generating artificial light, and that he is no 

longer entirely dependent on the relations he 

holds with foreign powers, or on the fisheries, for 

a supply of such materials as have heretofore been 

j^ used for producing it. 

The promoters of gas-lighting rest their claims 

to public notice and encouragement on the ease 

with which the various products obtainable from 

coal are collected, and the cheap rate at which 

they can afford them, and, more particularly, the 

article of gas. They consider that the flame 

which pit-coal yields when it is consumed in the 

ordinary way, is turned to very little advantage : — 

lit is confined to one place, and, frequently, is 

I there of much less use than a red heat would be. 

I It is also often obscured and smothered by the 

I ipiantity of incombustible matter which is thrown 

oS with it, and from which the application of a 

considerable portion of the coal-gas generated, is 

' not applied to any useful purpose. 
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If we direct our attention to tlie process oi' the 
combustion of coa), when burnt in a common 
grate, we shall very frequently observe streams- 
of flame burst out of the clouds of smoke which 
are evolved : — these suddenly disappear, and 
fresh ones supply their place, as the quantity of 
inflammable gas preponderates over the non- 
inflammable gases and aqueous products. Should 
we apply a lighted taper to the small jets issuing 
from that part of the coal from whence the tar 
oozes and points out as bituminous, they will 
ignite and burn with a brilliant flame. In short, 
it is e\idcnt that a considerable quantity of 
gaseous matter, which is capable of generating , 
both light and heat, in open fire-places, must * 
escape up the chimney, whilst but a small portion 
of it, comparatively speaking, is exhibited as 
flame. 

If we compare the theory of the production of 
gas-light with the theory of the production of 
artificial fight by means of candles or of lamps, 
we shall instantly perceive that the principles are 
similar; — for, in candles or lamps, the wick bears 
a Uke situation to that of coal, when submitted to 
distillation in a close vessel. The wick of a 
candle serves to convey the melted tallow by 
capillary attraction to where it is to be consumed. 
It is there decomposed, and forms carburetted 
hydrogen gas ; as this is made use of, a fresh. 




I ftupply is constantly kept up, which maintains the 

I flame. By a parity of reasoning, it appears, that 
tbe burning of oil in a lamp depends on similar 
circumstances; for the tubes formed by the wick 
transmit the inflammable gas through them in the 
same way that the heated retort generates coal 
gas. The oil of a lamp is drawn up through the 
wick, and is formed into that carburetted hydrogen 
gas from whence proceeds illumination. After 
considering these matters, the question — What 
does the gas-light system attempt? may natu- 
rally be put; and the reply might be given in 
words something to the following effect : — The 
gas-light scheme proposes to generate such quan- 
tities of gas as maj be wanted for supplying that 
district with artificial light, where the works may 
be situated, by means of a sufficient number of 
retorts and gasholders for the purpose ; and that 
this gas is the same sort of material as tbe flame 
of a candle or a lamp. That the difference be- 
tween the one mode and the other is simply this : 
When coal gas is used as a substitute for light 
afforded by the combustion of tallow or of oil, 
the distillatory process for lighting streets, nay, 

I whole towns and large cities, is carried on in 
One place, perhaps far from whence the light 
may be wanted ; whilst, by the action of candles 
or lamps, the process is performed wherever such 

1 candle or lamp may be used, namely, at their 
respective wicks. 
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In concluding this chapter, we are to observe 
that the system of generating light from pit-coal 
is supported not only by reason, but now by ex- 
perience also ; — that the discovery ranks highly 
amongst those which have recently been made in 
chemistry: — and it appears likely to produce the 
most favourable results ; for, frora its application 
wc learn, that those uses to which we have been 
accustomed to put coal, are not all to which it is 
applicable. The production of artificial light, as 
it relates to our comforts, is of peculiar import- 
ance, and the source afforded for obtaining it by 
this new discovery is in this country abundant. 
By the introduction of the gas lights, the process 
of analyzing coals is so considerably extended, 
that what, as far as related thereto, was once 
confined to the laboratory of the chemist, is now 
performed with great simplicity in the large way, 
at every gas-light establishment. Indeed, so 
much has the scheme extended, that at some 
works in this metropolis, as many as thirty 
chaldrons of coals are distilled in twenty-four 
hours; and the aggregate quantity daily used 
here for generating gas may be estimated at one 
himdred and fifty chaldrons, from whence are 
produced about seventeen million cubic feet of 
gas, and other valuable products. 




I Ah historical Statcmetit of the successive Discoveries trluch 
have keen made in decomposing Coat, — atid on the Rise 
and Progrei* of Coal-Gas being applied as a Substitute 
for the Light afforded by burning Wax, Tallow, or Oil. 

Before entering upon the description of the 
different apparatus and machinery used for the 
purpose of generating coal-gas, it cannot but be 
interesting to most readers, should some account 
be given of the time when, and the way in which, 
the idea of applying it to the purpose of affording 
light originated ; and also, to point out, in as con- 
cise a manner as possible, the gradations through 
which it has risen, till it reached its present pre- 
eminence over every artificial light hitherto known ; 
both as relates to the quantity of light afibrded, 
and the cheap rate at which it can be supplied. 
From this abridged history will be shewn, that a 
considerable lapse of time is necessary to mature 
and introduce new systems, the difficulty with 
which improvements in science are so established 
as to become universally adopted, and the slow- 
ness with which mankind follow after known 
principles that forward something which may be 
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considered as an innovation on former and long>-l 
established habits. 

That a permanently elastic and inflammable' 1 
aeriform fluid is evolved from pit-coal, appears to 
have been first ascertained experimentally by the 
reverend Dr. Clayton. An account of his dis- 
covery was published in the Philosophical Trmis- 
actions of the Royal Society, Vol. XLI, for the year 1 
1739, from whence the following extract is made: 
— " I got some coal, and distilled it in a retort in 
*' an open fire. At first there came over only 
" phlegm, afterwards a black oil, and then like- 
'* wise a spirit arose, which I could no ways cou- 
" dense ; but it forced my lute, or broke my 
" glasses. Once, when it had forced my lute, 
" coming close thereto in order to try to repair 
" it, 1 observed that the spirit which issued out, 
" caught fire at the flame of the candle, and con- 
" tinued burning with violence as it issued out in 
" a stream, which I blew out and lighted again 
" alternately for several times. I then had a 
" mind to try if I could save any of this spirit; 
" in order to which I took a turbinated receiver, 
" and, putting a candle to the pipe of the receiver, 
" whilst the spirit arose, 1 observed that it catched 
" flame, and continued burning at the end of the i 
" pipe, though you could not discern what fed the \ 
" flame. I then blew it out and lighted it again f 
" several times; after which I fixed a bladder, 
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' squeezed aod void of air, to the pipe of the re- 
' ceiver. The oil and phlegm descended into the 
' receiver, but the spirit, still ascending, blew up 
' the bladder. I then filled a good many bladders 
' therewith, and might have filled an inconceiv- 
' able number more ; for the spirit continued to 
' rise for several hours, and filled the bladders 
' almost as fast as a man could have blown them 
' with his mouth ; and yet the quantity of coals 
' distilled was inconsiderable, 

" I kept this spirit in the bladders a consider- 
' able time, and endeavoured several ways to 
' condense it, but in vain : and, when I had a 
' mind to divert strangers or friends, I have fre- 
' quently taken one of these bladders and pricked 
' a hole therein with a pin, and compressing 
' gently the bladder near the flame of a candle 
' till it once took fire, it would then continue 
' flaming till all the spirit was compressed out of 
' the bladder; which was the more surprising 
■ because no one could discern any difference ia 

the appearance between these bladders and 
' those which are filled with common air. 

*' But then, I found that this spirit must be 

kept in good thick bladders, as in those of an 
' ox, or the like ; for, if I filled calves' bladders 
' therewith, it would lose its inHammability in 
' twenty-four hours, though the bladders became 
' not relaxed at all." 
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in (he beginning of the eigliteentli century. 
Dr. Hales* made chemical experiments on pit- 
coal ; and in doing so he found, when it was Bub- 
Bjitted to distillation in close vessels, nearly one- 
third of the coal passed off in inflammable vapour. 

The Bishop of Llandafff, in the year I7G7, 
examined the qualities of the gaseous and other 
products, generated whilst distilliug pit-coal ; and 
obser\'ed that the carburetted hydrogen gas would 
not only inflame as produced, when allowed to 
issue from the distillatory vessel, but that its in- 
flammable quality was retained after passing it 
through water and allowing it to ascend by means 
of curved tubes. The other products obtained 
during the process, were an ammoniacal liquor, 
a thick oil resembling tar, and coke. 

But the applying of coal-gas, for the purposes 
of illumination, is of more recent date, and the 
merit of bringing it forward is claimed, and with 
justice, by Mr. Murdoch. The following account;]: 
of his discovery is given by Dr. W. Henry, of 
Manchester. 

" In the year 1792, at which time Mr. Murdoch 
" resided at Redruth, in Cornwall, he commenced 
" a series of experiments upon the quantity and 
" quality of the gases contained in different sub- 
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' stances. In the course ofthese, he remarked that 
' the gas obtained by distillation from coal, peat, 
' wood, aod other inflammable substances, burnt 
' with great brilliancy upon being set fire to; 
' and it occurred to him, that, by confining and 
' conducting it through tubes, it might be em- 
' ployed as an economical substitute for lamps 
' and candles. The diatillation was performed 
' in iron retorts, and the gas conducted through 
' tinned iron and copper tubes, to the distance 
' of seventy feet. At this termination, as well 
' as at intermediate points, the gas was set fire 
' to as it passed through apertures of different 
' diameters and forms, purposely varied with 
' a view of ascertaining which would answer 
' best. In some, the gas issued through a num- 
' ber of small holes like the head of a water- 
' ing pan ; in others it was thrown out in thin 
' long sheets ; and again, in others, in circular 
' ones, upon the principle of Argand's lamp. 
' Bags of leather, and of varnished silk, bladders, 
' and vessels of tinned iron, were filled with the 
' gas, which was set fire to and carried about from 
' room to room, with a view of ascertaining how 
' far it could be made to answer the purpose of 

* a moveable or transferable Hght. Trials were 
' likewise made of the different quantities and 
' qualities of gas produced by coals of various 

* descriptions, such as the Swansea. Haverford- 
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west, Newcastle, Shropshire, Staffordshire, aiid 
some kinds of Scotch coals. 
" Mr. Murdoch's constant occupations pre- 
vented his giving further attention to the sub- 
ject at that time ; but he again availed himself 
of a moment of leisure to repeat his experiments 
upon coal and peat at Old Cumnocki in Ayr- 
shire, in 1797 ; and it may be proper to notice 
that both these and the former ones were ex- 
hibited to numerous spectators, who, if neces- 
sary, can attest them. In 1798, he constructed 
an apparatus at Soho foundry, which was ap- 
plied, during many successive nights, to the 
lighting of the building, when the experiments 
upon different apertures were repeated and ex- 
tended upon a large scale. Various methods 
were also practised of washing and purifying 
the air, to get rid of the smoke and smell. 
These experiments were continued, with occa- 
sional interruptions, until the epoch of the peace 
in the spring of 1802, when the illumination of 
the Soho manufactory afforded an opportunity 
of making a public display of the new lights ; 
and they were made to constitute a principal 
feature in that exhibition." 
The general nature of gas-light illumination was 
exhibited by Mr. Winsor, at the Lyceum theatre, 
in London, in the years 1803 and 1804; but the 
apparatus, by the means of which he obtained 
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ceel-gas, and the mode of purification which he 
adopted, he kept a secret. He shewed the 
manner of conveying the gas through the house, 
and exhibited various devices for chandeliers and 
burners. Instead of the copper fittings, which 
experience has since taught to be the most useful, 
be proposed long flexible tubes brought from the 
ceiling or the wail, to the ends of which were at- 
tached different descriptions of burners. He 
proved, experimentally, that the flame of coal-gas, 
when properly managed (by allowing no more gas 
to pass the burner than would be entirely con- 
sumed), produces no smoke ; and that it is not, as 
the flame of candles and lamps, subject to emit 
sparks ; therefore not so dangerous, nor is it so 
liable to be put out by sudden gusts of wind, or 
by heavy rain. 

Although the discovery of the inflammability 
of coal-gas cannot be claimed by any person now 
living, it appears that both Mr. Winsor and Mr. 
Murdoch have laid claims to the right of bringing 
it into notice as a substitute for other lights. We 
are, however, informed by Mr. Accum that Mr, 
Murdoch's priority of right was not heard of till 
more than two years after Mr. Winsor's public 
exhibition took place ; and, from what he says 
on the subject, one would be led to consider Mr. 
Winsor as entitled to it. But if we compare 
Dr. Henry's Statement relative to Mr. Murdoch's 
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di8C0verT» with what Mr. Accum says of die 
most early period that Mr. Winsor pressed on 
the public mind the extensive application of gas 
light ; it will appear that Mr. Murdoch had, ten 
jrears prior to that time, when making his ex- 
periments on the gases contained in different sub- 
stances, considered, by confining and omducting 
coal-gas through tubes, it might be employed as 
an economical substitute for lamps and candles. 
He distilled his coal in iron retorts, and conducted 
it through tinned iron, and copper tubes, to the 
distance of seventy feet. In short, so long ago as 
1797 he exhibited his experiments to numerous 
spectators. In the following year he constructed 
an apparatus for lighting the worics of Messrs. 
Bolton and Watts; and, in the spring of 1802, 
these works were illuminated under his direction. 
It does not appear that Mr. Winsor's public 
exliibitions commenced till 1 803 ; how, then, 
could Mr. Murdoch derive the liint of apply- 
ing coal-gas from thence? or, how can there 
be any necessity for observing that the ideas of 
Mr. Murdoch on the subject may have arisen 
totally independent of all acquaintance with 
Mr. Winsor's ? Unacquainted with either of 
these gentlemen, I cannot be supposed to speak 
with partiality in declaring that from the most 
circumstantial and respectable testimony, Mr. 
Murdoch appears to deserve the merit of 




IffiDging the new mode of illumioation into notice. 
It ia certainly a false mode of reasoning, which 
leads any person to assert that the claims of in- 
Tention concern the PubUc only to a limited ex- 
tent; for it must be considered, if the inventor 
is liable to have his right doubted on the vague 
assertions of another, the spur to exertion of 
talent is lost, and few, nnder such circumstances, 
would have sufficient strength of mind to carry 
them through the trial. He who wins the palm 
should be allowed to wear it, but how frequently 
do we witness the reverse. 

Mr. Winsor made no new discovery relative to 
the decomposition of coal, nor invented the man- 
■er of conducting gas thruugh tubes from the 
reservoir to the place of consumption. He did 
much, by his exhibitions in this metropolis, to- 
wards calling the public attention to the subject 
of gas-Iightiug; but, at the same time his pub- 
lications acted against the scheme. Perhaps 
it was owing to these that the plan was so 
long in gaining ground, more than to a want 
of support from some great name; for who could 
confidently rely on statements which were be- 
yond all credence, and which later experience 
has proved were ao wide from the truth ? But, as 
Mr. Winsor's experiments must have been made 
in the small way, we can hard ly expect the results 
h2 
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would Agree with the more extensive practice 
of succeeding operators. 

Mr. Wiusor took out a patent in May, 1804, 

1 for combining ttie saving and purifying of coal gas, 

I for obtaining ammonia, tar, and other products of 

pit-coal with the manufacture of a superior kind of 

coke ; since which time he has taken out another 

patent for further improvements in the proceeses. 

Mr. Northern, of Leeds, in the year 1805, 

called the public attention to applying coal gas for 

the purpose of producing light, instead of candles. 

^•c, an account of which is extracted from the 

Monthly Magazine for April, 1805: — 

" I distilled in a retort fifty ounces of pit-coal 
" in a red heat, which gave six ounces of a liquid 
" matter covered with oil, more or less fluid as 
" the heat was increased or diminished. About 
" twenty-six ounces of cinder remained in the 
" retort ; the rest came over in the form of air, 
" as it was collected in the pneumatic apparatus. 
" I mixed part of it with atmospherical air, and 
" fired it with the electric spark with a tolerable 
" explosion, which proves it to be hydrogen. 
" Whether any of the other gases were mixed 
" with it I did not then determine. In the re- 
" ceiver I found a fluid of an acid taste, with a 
" great quantity of oil. and at the bottom, a sub- 
" stance resembling tar. 





IN DEtOMPOSING COAL. 

" Tlie apparatus I makeuse of for producing light 
' is a refiner's crucible, the top of which (after 
' filling with coal) I close with a metal cover, 
' luted with clay, or other luting, so as to prevent 
' the escape of the gas ; a metal pipe is soldered 
' into the cover, bent so as to come under the 
' shelf in the pneumatic trough, over which 1 
' place a jar with a stop-cock and a small tube ; 
' the jar being previously iilled with water, the 
' crucible I place on the common or other fire, as 
' is most convenient ; ajid as the heat increases 
' in it, the gas is forced nipidty through the 
' water into the jar, and regularly displaces it. 
' I then open the cock and put fire to the gas, 
' which makes its escape through the small tube, 
' and immediately a most beautiful ilame ensues, 
■ perfectly free from smoke or smell of any kind. 
' A larger light, but not so vivid or clear, will be 
' produced without passing the gas through 
' water, but attended with a smoke somewhat 
' greater than that of a lamp charged with com- 
' mon oil. 

" 1 have great hopes that some active mechanic 
' or chemist will, in the end, hit on a plan to 
' produce light for large factories, and other pur- 
' poses, at a much less expense, by the above or 
' similar means, than is at present produced 
' from oil." 

About this time, Mr. Samuel Clegg, of Man- 
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Chester, engineer, communicated to the Society 
of Arts an account of his method of lighting up 
manufactories with gas, for which he received the 
silver medal. To the exertions of this gentleman 
the gas-light manufacturer is indebted for various 
improvements in apparatus and machinery. 

The rapidity with which the gas-Ught scheme 
has since extended has been almost beyond ex- 
ample in any other ; for, not only manufactories, 
but many of the principal towns, in this and other 
countries have been lighted with gas, together 
■with much the greater part of this metropolis. 

The application of gas lights was pointed out 
in France before it was publicly introduced into 
England. M. Le Bon had a house entirely lighted 
up with gas in Paris in the winter of 1802, which 
was witnessed with admiration by a considerable 
number of persons. He obtained a patent from 
the French government for the art of producing 
light from wood burnt in close vessels. 

The ammoniacal liquor and tar have latterly 
been manufactured on an extensive scale — tlie 
former into sulphate of ammonia and various salts, 
and the latter into pitch, prepared tar, oils, var- 
nishes, 4'c. 

Mr. Murdoch, in the year 1808, presented the 
Royal Society with his account of the application 
of coal gas — for which the Society comi>limented 
him with Count Rumford's medal. The follow- 




statement is copied from Mr. Murdoch's 
paper. 

" The whole of the rooms of the cotton rail! of 
*' Mr. Lee, at Manchester, which is, I believe, 
*' the most extensive in the United Kiiigdoai, as 
" well as its counting-houses and store-rooms, 
" and the adjacent dwelling-house of Mr. Lee, 
" are lighted with gas from coal. The total 
" quantity of light used during the hours of 
" burning has been ascertained, by a comparison 
" of shadows, to be about equal to the light which 
," 2,oOO mould candles, of six to the pound, would 
-'.'■ give ; each of the candles with which the com- 
" parisoD was made consuming four-tenths of an 
f ounce (175 grains) of tallow per hour. 

" The gas-burners are uf two kinds : the one is 
*' upon the principle of the Argand lamp, and 
*' resembles it in appearance ; the other i» a 
'.' small curved tube with a conical end, having 
" three circular apertures or perforations of about 
" a thirtieth of an inch in diameter, one at the 
" point of the cone, and two lateral ones, through 
•' which the gas issues, ibrraing three divergent 
■" jets of flame, somewhat like ajleur-ilciis. The 
V shape and general appearance of this tube has 
** procured it, among the workmen, thu name of 
f the cockspur burner. 

' " The number of burners employed in all the 
^* buildings amounts to 'J71 Argund and 003 




104 STATEMENT OP DISCOV ERI tS 

" cockspurs, each of the former giving a light 
" equal to tliat of four candles of the description 
*' abovementioned ; and each of the latter a light 
" equal to two and a quarter of the same candles ; 
" making, therefore, the total of the gas light 
" a little more than equal to that of 2,500 
" caudles, six to the pound. When thus regu- 
*' lated, the whole of the above burners require 
" an hourly supply of 1 ,250 cubic feet of the gas 
" produced from cannel-coal; the superior quality 
" and quantity of the gas produced from that ma- 
*• terial having given it a decided preference in 
" this situation over every other coal, notwith- 
" standing its higher price. 

" The time during which the gas light is used 
" may, upon an average of the whole year, be 
• " stated at least at two hours per day of twenty- 
" four hours. In some mills, where there is 
" over-work, it will be three hours; and in the 
" few where night-work is still continued, nearly 
** twelve hours. But taking two hours per day 
I"** as the common average throughout the year, 
the consumption in Messrs. Philips and Lee's 
mill will be 1250x2 = 2500 cubic feet of 
' gas per day ; to produce which, 7 cwt. of 

■ cannel-coal is required in the retort. The 

■ price of the best Wigan cannel coal (the sort 
' used) is thirteen pence halfpenny per hundred 
' weight, (twenty-two shillings and sixpence per 




%,) delivered at the mill, or say about eight 
' shillings for the 7 cwt. Multiplying by the 
' number of working days in the year (313), the 
' annual consumption of coal will be one hundred 
' and ten tons, and it cost one hundred and 
' twenty-five pounds. 

" About one-third of the above quantity, or say 
' forty tons of good common coal, value ten shil- 
' lings per ton, is required for fuel to heat the 
' retorts, the annual amount of which is twenty 
' pounds. 

" The 110 tons of cannel-coal, when distilled, 
' produced about seventy tons of good coke, 
' which is sold upon the spot at Is. Ad. per cwt., 
' and will therefore amount annually to the sum 
' of ninety-three pounds. 

" The quantity of tar produced from each ton 
' of cannel-coal is from eleven to twelve ale 
' gallons, making a total annual produce of about 
' twelve hundred and fifty ale gallons, which not 
' having been yet sold, it cannot yet be deter- 
' mined its value. 

" The interest of the capital expended in the 
' necessary apparatus and buildings, together 
' with what is considered as an ample allowance 
' for wear and tear, is stated by Mr. Lee at about 
* five hundred and fifty pounds per annum, in 
' which some allowance is made for this ap- 
' paratus being made upon a scale adequate to 
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'* the dupply of a still greater quantity of light 
** than he has occasion to make use of. 

'' Mr. Lee is of opinion, that the cost of attend- 
** ance upon candles would be as much, if not 
" more, than upon the gas apparatus ; so that, in 
'* forming the comparison, nothing need be stated 
" upon that score on either side. 

•** The economical statement for one year then 
" stands thus: — 

'^ Cost of 1 10 tons of cannel-coal «£ 125 

'* Ditto of 40 tons of common do. to carbonize 20 



InaJl 145 
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" Deduct the value of 70 tons of coke ....£ 93 

" The annual expenditure in coal, after de- 
** ducting the value of the coke, and without 
** allowing any thing for the tar, is therefore £ 62 
And the interest of capital sunk, and 

wear and tear of apparatus 550 

Making the total expense of the gas 

apparatus per annum about 600 

" That of candles to give the same light would 
be about 2,000/. For each candle, consuming 
*' at the rate of four- tenths of an ounce of tallow 
** per hour, the 2,500 candles burning, upon an 
*' average of the year, two hours per day, would, 
** at one shilling per pound, the present price, 
** amount to nearly the sum of money above- 
'* mentioned. 
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" If the compariBon were made upon an aver- 
" age of three hours per day, as in most cases, 
'" would, perhaps, be nearer to the truth, and the 
" wear and tear remaining nearly the same as in 
i" the former case, the whole cost would not ex- 
*' ceed six hundred and fifty pounds, while that 
" of the tallow would be three thousand." 

We are informed that Mr. Ackermann, print- 
seiler, ^c, in the Strand, for upwards of four 
years lighted the whole of his establishment, to- 
gether with his dwelling-house, entirely with gas 
for forty pounds live shillings per annum, by 
means of a small apparatus erected on his pre- 
mises; and he states the annual expense of light- 
ing the same prior to using the gas lights, to have 
been one hundred and sixty pounds; so that it 
appears the balance in favour of using the gas 
lights was one hundred and nineteen pounds 
fifteen shillings for one year. But since the line 
of *' The chartered Gas Light and Coke Com- 
pany's" main was laid along the Strand, he de- 
clined generating gas for his own use, and has been 
supplied therewith from the Company's works in 
Peter-street, Westminster. 

Another gentleman, Mr. Cook, manufacturer of 

metal toys at Birmingham, has stated that fur 

four-pence per diem he generated as much gas as 

afforded hght equivalent to what was obtained by 

J burning as many candles as coat him three Bliil- 
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lings ; besides a saving of thirty pounds per anmtm^ 
ia caudles, oil, and cotton, for soldering, which, 
since the adoption of gas in his premises has been 
performed solely by its flame. In short, that he 
saves annually thirty pounds out of the fifty poundi 
which his lights formerly cost him. 

Messrs. Lloyd, of Queen-street, Southwark, 
thimble manufacturers and whitesmiths, have also 
used the gas light for soldering and other pu^ 
poses, their apparatus being upon a very smafi 
scale. From their statement, it appears they 
gained, as a profit, upon every bushel of coali 
distilled, the sum of eight shillings and four-penca^ 
if the light afforded was compared with the light 
of tallow candles formerly used. 

The foregoing statements have been mentioned 
in order to shew that at a very early period of 
this new era in the science of procuring artificid 
light there were not wanting individuals who 
chose to adopt the process. Great numbers of 
similar experiments might be adduced, if needful ; 
but, the avidity with which the gas light is now 
almost every where called for, renders the pressing 
of its superior claims to notice further on the 
Public altogether useless. 
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CHAPTER VII. 

On the Retorts, ami the lest Mode of setting them. 

XHE retorts used for the distillation of pit-coal 
are of different shapes in difierent establishments ; 
they are either circular, semicircular, elliptical, 
or square. There is, however, another description 
of retort for which a patent has been obtained, 
and to the manufacturer of coal-gas it is known 
by the term " rotary retort." I shall speak of 
these different kinds of retorts in order ; but shall 
confine my observations more particularly to the 
circular and elliptical ones. The latter being, in 
my opinion, the most likely to answer the pur- 
pose oi the manufacturer of gas, will be very fully 
dwelt upon. The former having, under my own 
observation, been tried through various modes of 
setting, I shall state such facts relative thereto as 
will enable the manufacturer to form a just con- 
ception of the comparative value between both, 
and then leave him to choose which he wilt adopt. 
The circular retorts (for, in adverting to the 
shape of them, I am to be understood as speaking 
of that section which is vertical and parallel to 
the flauches at their mouths) are cylinders of about 
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six feet in length and twelve inches diameter ii 
side. These have, till recently, been set on tbf 
flue plan, and when set two to one fire, carbonic 
zation was carried on at about twenty per cent. ; 
or, to speak in more familiar language, it r©-, 
quired twenty chaldrons of coals to keep a suf- 
ficient number of retorts so heated as to be 
capable of carbonizing one hundred chaldrons i^ 
a proper manner ; when the retorts were worke«l« 
at eight hours' charges*, with two bushels of coaI«( 
to one retort each charge. i<,l 

The fire-place for heating this kind of retoitij 
was opposite to its mouth ; and, under these cii 
cumstances, a retort, cast from metal of the seconj 
running, and weighing about ten hundred weigh) 
would last from eight to ten months. 

In tracing the steps towards the plan on whici 
cylindrical retorts are now most generally set 
and, comparing the advantages arising to tin 
manufacturer by deviating from the plan of settinj 
retorts, as already described, we should natiirallyt 
suppose that any deviation therefrom would hara 

' When we speak of six or eight hours' charges, il is to bH 
luod ilial so many horn's elapse between the time of ihc co^ 
being introduced into the retort aad the c«ke being drswa froto i^ 
during which time the U<l of the mouth-piece is closed; and, coa- 
Kquently, the different products evolved must pass off through 
the hydraulic main to their diflereiil reservoirs, the base of th^ 
coal being all that should be left in the retort when the lid is rW 
moved, preparatory lo drawitig oui thf coke. ''• 



d 



MODE OP RETriN'C TMEM. 



in 



in view either the decreasiog the per ceotage of 
carbonization, or the expenses attendant on the 
wear and tear of retorts; but it will be well if we 
£nd, after a careful investi^tion, that either has 
been effected. 

The first step towards the present mode of 
setting retorts was by heating three with one fire; 
on such plan several were set in different works, 
and on a range of thirty 1 had an opportunity of 
making the most particular observations, from the 
time of their being set till entirely worn out. 
The fire-places were in front of the retorts, which 
80 much increased the heat there, as to make it 
almost insupportable to the stokers, particularly 
during the summer months. One would have 
supposed that the suggester of such plan had for- 
gotten that the working man possessed any feel- 
ings, otherwise he would never have thought of 
increasing the stoker's labour by intolerable heat; 
for, unless the situation of the retort-house be so 
confined as to prevent the fires from being made 
at the back, instead of the front of the retorts, as 
was adopted in this plan, nothing can justify it. 
The engineer of such establishments as these 
should ever bear in remembrance that it is a very 
material part of his duty to endeavour to lessen 
the weight of labour, instead of wantonly increas- 
ing it, Setting aside this inconvenience, if the 
expense of setting retorts three to one fire be in- 
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quired into, it will be found that it would cost 
much to set any number on that plan as would 
a like number two to a fire. The carbonizatioi 
instead of being carried on at a lower per centage,-" 
would be increased. The retorts on which I made 
my observations did not heat uniformly. When 
the extreme end of them was almost at a white 
heat, that part which was within eighteen inchw 
of the mouth-piece, remained quite black. The 
coal was not well carbonized — consequently, thft 
proportion of gas to a chaldron was diminished; 
and, to sum up the evils resulting from this mode 
of setting, the retorts were burnt out in about two- , 
thirds of the time they had lasted when set two b» 
one fire. When all these things are considered, w« 
shall not be surprised to see this plan fall to the. 
ground — for, from it, expenses and inconvenienciee 
were increased, whilst there was a less return of- 
products of all descriptions for meeting either. 

Retorts set three to one fire having, by expert* 
ment on a large scale, been proved to znavf&c 
no desirable end. the next alteration in the 
mode of setting was that of heating four by 
one fire. On this plan a hundred retorts were 
put up at one of tlie establishments in Loadon—r 
these it was found impossible to heat ; for odq 
part of the retort would have actually melte4, 
before the other had arisen even to a dull rej^, 
A failure in one quarter in no wise disheartened 





vthers from attempting to get over the difficulty. 
i second setting of retorts, in which four were to 
' be heated by one fire, succeeded better than the 
first, fur the retorts heated very regularly — but 
carbonization was not carried on at so low a per 
I centage as when only two were heated by one 
Lfire; it was considerably increased, and, what 
was still worse, the retorts were sooner burnt out. 
The carbonization increased daily in its expenses, 
till at last it rose as high as fifty per cent. This 
was owing principally to working fewer retorts 
than the fires necessary to be kept up would have 
heated, had the retorts placed over each fire in 
action remained in a working state : for it very 
frequently happeoed, when seventy or eighty 
retorts were working, as many fires were kept 
lighted as actually heated a hundred, and for the 
following reason : — The action of the fire not being 
uniformly directed towards each retort in the 
series of four, one of them became inefiective; 
when such was the case, only three out of the 
four could, of course, be used ; soon afterwards a 
second failed, and then but two remained in use, 
and so on : — indeed, it was no uncommon circum- 
stance to work but two retorts by that fire which 
actually heated four, owing to two of them being 
burnt out. When retorts were set four to one 
fire, it happened that they were frequently worked 
under the above disadvantage more from necessity 





tban choice ; for, whenever it became necessary 
to remove defective ones over one fire, it foUowed 
that the adjoining fires could not be kept hghted : 
for if they remained so, the bricklayers could not 
perform their work — consequently, when it 
required to replace a series of four, the use of 
twelve retorts was lost to the manufacturer (ill 
such time as the defective ones over the fire-place 
undergoing repair were again ready to be brought 
into action. The pulling down of the defective 
retorts, and the replacing of them so as to be 
again ready for charging, in one series, was 
seldom accomplished in less than a week ; there- 
fore, when the manufacturer was unable, fi-om the 
quantity of gas he had to supply, to dispense with 
the use of so many retorts, he was compelled to 
work them uuder every disadvantage. 

As the expense of resetting one retort, when put 
up in a series of four, for labour and new materi- 
als, exclusive of the retort itself, amounted to 
about eight pounds, or at the rate of thirty-two 
poimds for each series, it became a desideratum to 
be able to replace a bumt-out retort without 
pulling down the brick-work, and allowing the 
retorts next adjoining to remain inactive : actuated 
by a zeal for promoting the interest of the ma- 
nufecturer, my attention was turned to the sub- 
ject ; and, after very maturely considering the 
matter, I hit upon a plan which would enable 
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the operator to remove a defective retort in a few 
hours, without any expense save that incurred for 
labour, and a few shillings for bolts and cement to 
make good the connexions to the pipes leading 
from the retort to the hydraulic main. Of this 
plan I shall, in its proper place, give a particular 
description — suffice it to say here, that at the 
time I am now writing (March 1819), it has 
never been applied to any retorts save elliptical 
ones, where it was most fully proved to answer 
the end in view. It is, however, equally appli- 
cable to every deacription of retort, whether 
cyhndrical, semicircular, or square. 

When retorts were set four to one fire, the top 
ones invariably failed first, and this led to a sup- 
jjosition that if the top ones were guarded by tiles 
from the action of the fire in the same way that 
■the lower retorts were guarded, they would be 
more likely to remain a longer time etfective. 
Xletorts were accordingly so set, and whilst the 
fire-placee were continued at that side which was 
Opposite to the side for charging and drawing, 
tiiey did last considerably longer, but then they 
were by no means so effective as on the former 
plan. They fell out of all shape, and conse- 
quently were not capable of carboniziag sucli 
quantity of coals as would be advantageous to the 
manufacturer of coal gas. A deviation from this 
mode was made by placing the fires in front of the 
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retorts, but it failed entirely. The bottom retottt 
were soon destroyed — the action of the flanMlt 
playing on the ends of them so forcibly as lit&i 
rally to reduce them into a state of fusion, whi 
the fire was such as to keep the principal part 
the retort at a bright red heat. 

Although retorts of various shapes had been, 
tried at different establishments, we find no aoi 
count of any having been set, save on the fli 
plan, that is, by tJie fire acting under the retoi 
and then returning over it on its way to the ma 
flue, till the spring of 1817, when Mr. A. Rack- 
house adopted a plan for heating retorts of cylin- 
drical shape set in ovens. This plan has sim 
been known to the manufacturer by the name 
the " oven-plan." His first experiment was madi 
at one of the gas-light establishments In Loudi 
by heating one retort in an oven. It was report 
to heat very uniformly and at little expense. At' 
the same establishment he next set two in oae 
oven, then three, and afterwards five. And it 
but proper to observe that cyUndrical retorts set 
in fives on the oven-plan is now by far the most 
general mode adopted at the different gas-light 
establishments. Of the cylindrical retorts set in; 
ovens, under the immediate superintendence of.- 
Mr. Rackhouse, I have only had an opportunity! 
of making my observations upon twenty ; those I« 
consider to have been set without that judgment* 
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which was requisite. They were set in four ovens, 
each oven being heated by three fires; therefore, 
it followed when all the retorts were serviceable, 
it required twelve fires to heat twenty retorts. 
By adopting the oven plan, we shall hardly find that 
there are any advantages gained ; but contrariwise 
the retorts, instead of lasting longer, were two- 
thirds of them burnt out in less than two months, 
owing to the lower ones being placed immediately 
over the fire, from the action of which nothing was 
placed to guard them. Their form prechided 
el*ery hope of carbonization being accomplished 
in less time than by others of a cylindrical shape ; 
and as to the per centage at which carbonization 
was carried on, what could be expected, when, 
after the retorts had been in action about six 
weeks, it was necessary to keep up twelve fires 
to enable the stokers to work as many retorts? 
The twenty retorts set on the oven plan, of which 
I have just been speaking, were erected about 
Christmas, 1817, since which time I have had op- 
portunities of making very extensive observations 
upon retorts set on that plan; but the results 
arising from them are not such as would induce 
me to set cylindrical retorts at any manufactory 
of coal gas of which I might have the management 
on that plan. I am here to remark, that although 
Mr. Rackhouse appears to have been the first 
perew who did actually get retorta in ovens, ' 
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to Mr. John Malam, engineer, in the employment 
of the chartered Gas-Light Company, at their 
works in Peter-street, "Westminster, very great 
credit is due, for having submitted to the Directory 
of that Company, without any knowledge of what 
Mr. Rackhouse's plan was, one of his own for 
heating retorts in ovens, but which in point of 
advantages very much exceeds the former. Vari- 
ous have been the alterations made by different 
workmen in the flre-work to the retorts since the 
oven plan was adopted, but hitherto most have 
failed in remedying the very serious evils whfWi , 
must arise from their rapid destruction. Here- 
totbre a retort of the same shape and dimensions, 
when constantly used night and day, lasted from 
eight to ten months; but, on the oven plan, the 
retort seldom remains in a working state more 
than as many weeks. Indeed, so great has been 
the desire of making this plan answer, that it has 
been tried almost under every bearing ; and whilst 
some attempts have promised to answer, others 
from which much had been expected have failed 
so far as to cause the retort to be entirely de- 
stroyed in three or four days. By referring to 
what has been already said on the subject of cir- 
cular or cyhndrical retorts, we shall observe that 
but little improvement has been made in the mode 
of setting them. The plans recently adopted have 
■only led to a more rapid destruction of the retort. 
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i and consequently to iacreased expenses ; whilst 
from its siiape the manufacturer cannot expect 
from its use by one mode of setting more than 
another to obtain a greater proportion of gas from 
a given quantity of coal, and that in a shorter time. 
Whenever coal may be submitted to distillation 
in masses of twelve inches diameter, the operation 
wll be very tedious, and equally imperfect ; the 
action of the red-hot retort upon the outer surface 
of the coal will soon decompose it, and therefore 
the gas in the first part of the process will pass 
over very rapidly — but then it acts against the 
process in the interior part of the cylinder formed 
by the coal in the inside of the retort ; for as 
the outer surface of the coal is formed into coke, 
it becomes a coating to that which is within it, and 
through which the gas must pass ere it can ex- 
tricate itself from the retort. Whenever such is 
the case, carbonization cannot be carried on to 
advantage, nor will it ever answer the most de- 
sirable end. The great object which the manu- 
facturer should ever keep in view, is by exposing 
coal to the action of heat in thin strata, to obtain 
the greatest quantity of gas in the least time, and 
at the least expense, but such can never be 
effected by retorts like these I have already 
spoken of. 

Having thus glanced cursorily at the various 
modes which have been adopted for setting cyliu- 
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drical retorts, it may not be improper to notice 
the rotary retorts of Mr. Clegg's invention. In 
doing so, we are to observe that Mr. Maiben, of 
Perth, invented a retort for distilling coal by 
exposing it to the action of heat in thin strata. 
From his experience he learnt that the gas evolved 
during the first part of the process of carboniza- 
tion was of too aqueous a quality to be fit for 
combustion, and that evolved during the latter 
part thereof was so strongly impregnated with 
sulphur as to be highly objectionable. To re- 
medy those evils, he considered that if the coal 
was spread in thin layers in the retort, the action 
of the heat thereupon would be more instantaneous; 
consequently, the bad gas, evolved in the begin- 
ning and towards the end of the process, might, 
by means of a valve, be prevented from entering 
into the gas-holder. The retorts he made use of 
were of a square shape, and of a size sufficient to 
carbonize twenty-five pounds of coal, when spread 
in a layer of about two inches deep. The coal 
was introduced into the retort by means of 
sheet-iron box, which was charged and slided in 
whenever the gas was extracted from the former 
charge, which, under such management, was ge- 
nerally accomplished in two hours. But this 
description of retort being much too small to be 
serviceable in large establishments, led Mr. Clegg 
to construct a retort of sufficient capacity fur 
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carbonizing about one chaidron of coals per 
diem. For this retort he took out a patent, in 
■December, 1816; and, iu the Reperlory of Arts, 
for that month. No. 175, and for January, 1817, 
No. 176, a particular description is to be found. 
The first of them which was ever put up (being 
eight feet six inches in diameter), as were also 
the second and third (each of twelve feet six 
inches diameter), were worked under my observa- 
tion. Each of these retorts contained fifteen 
boxes which slided into the retort, upon iron 
arms, as described in the specification just alluded 
to. Whilst the arms could be kept up, they were 
worked without much difficulty. The coal re- 
mained in the retort six hours, but was only one- 
third of that time exposed to the action of a red 
heat. Five boxes, having passed that, waited for 
the coal in the five boxes over the red heat being 
decomposed, which, on being done, the retort 
was opened, and those five boxes which had 
passed the red heat, were drawn, and fresh ones 
introduced upon the arms they had occupied, 
which process brought the five from the red heat 
to the situation they had occupied, to wait there 
till the coal in the next five was decomposed, 
when the operation of change was again re- 
peated ; so that there were continually five boxes 
lately introduced into the retort, waiting to 
be brought over the red heat, five over the red 




heat, and Ave others ready for being withdrawal 
from the retort. Had not the ex|>en8e of erecting | 
retorts of this description been very considerable, 
and the wear and tear enormous, they would 
doubtless have been adopted in that establish- 
ment where they were first tried ; but both were 
80 much against them that every idea of using them 
was there entirely relinquished. It is but justice 
to state, that those retorts produced gas at the 
rate of upwards of fifteen thousand cubic feet per 
chaldron (twenty-seven hundred weight) of coals; 
that carbonization was carried on at about sixteen 
or eighteen per cent. ; that the increase of coke 
on coal, carbonized, was at the rate of fifty per 
cent. ; and, that the process of carbonizing, under 
those circumstances, was accomplished in about 
six hours. During the time these retorts were in 
action, I had an opportunity of observing that the 
statement of Mr, Maibeu, which appeared so 
reasonable, was verified in practice, even on a 
large scale ; and from thence learnt that the more 
rapidly the decomposition of coal is effected, ex- 
actly in the same ratio we are to expect an in- 
crease in the quantity of gas generated from a 
given quantity of coal: for, when cylindrical 
retorts, charged wiih Bewicke and Craster's 
Wallsend coals, were worked at a low tempera- 
ture ; and, at six hours' charges, were producing 
but about eight thousand or nine thousand cubic 





feet of gas, per chaldron, the rotary retorts were 
producing from fifteen thousand to sixteen thou- 
Band cubic feet of gas from the same quantity of 
coal ; three-fourths of which was evolved in onS- 
third of that time. 

The distillation of coal when exposed in thin 
strata to the action of the fire, having been proved, 
by very extensive experience, to be the most 
beneficial to the manufacturer, as far as relates to 
the products obtained ; therefore, if the expenses 
of Betting retorts proper for such process, and 
keeping them in repair, could be accomplished at 
any thing near the sum requisite for working 
those of cylindrical form, it would but be natural 
to expect to see the mode adopted : but, as re- 
torts for that purpose, of the dimensions men- 
tioned by Mr. Maiben, were much too small for 
extensive manufactories, and the rotary one so 
very expensive, it was not probable that either 
would be brought into general use. To over- 
come the difficulties arising from the use of 
retorts, such as 1 have just mentioned, Mr. 
Malam (of whom 1 have before had occasion to 
gpeak) proposed that elliptical retorts should be 
adopted, their length being about six feet six 
inches, their transverse diameter twenty inches, 
and their conjugate diameter ten inches. From 
retorts of such shape there was every probability 
that the results, as far as related to the quantity 




of gas and coke obtained from a chaldron of ci 
would be very similar to those from the rotary 
retort; whilst the expense of setting them wai 
|lhit little more than would have been incurred 
hy setting an equal number of cylindrical retorts, 
and not near so much as it would require to set 
such number as would carbonize equal quantities 
of coals in equal times. The elliptical retorts 
had, however, one great advantage over the cylin- 
drical ones, — they were worked off in half the 
lime ; and five of them in action, worked with 
one bushel and a half of coals to each, during a 
four hours' charge would produce as much gas in 
a day as ten cylindrical retorts worked at eight 
hours' charges with two bushels to each retort 
rvery charge. The elliptical retorts on which my 
nbservations were made, were set in an oven and 
lieated by one fire. They heated remarkably re- 
l*gular, and I can have no hesitation in declaring it 
Ito be my belief that these retorts would have 
f lasted ten or twelve months had they been con- 
k Btantly used during such period ; for, after being 
i ninety-four days in action, and constantly at a 
► tright red heat, it became necessary to remove 
libera to make room for part of a new building. 
r,They were then taken down, but so Uttle injured 
*fcy the fire that two out of the five were but 
barely discoloured, and the remaining three not 
fallen out of shape. At the very time that these 
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tTetorts were in action, cylindrical retorts, set on 
the oven plan, were almost always entirely burnt 
out in less than two months. 

Having spoken rather at length upon the cylin- 
|drical, rotary, and elliptical retorts, I shall make 
few observations upon the semicircular and 
quare ones; and. having done so, describe the 
Hitferent modes of setting retorts, as exhibited in 
plates 2, 3, and 4. I shall afterwards give a 
able exhibiting at one view the advantages and 
isadvantages arising to the manufacturer from 
! use of each kind of retort, and with that con- 
*dude this Chapter. The semicircular retort, from 
its form, is likely to answer the manufacturer's 
purpose, if set with judgment, next to the rotary 
and elliptical ones ; that is, as far as the genera- 
tion of gas and the production of coke are con- 
cerned ; but, from its shape, its durability cannot 
be expected to be equal to the latter. The action 
of the fire upon the lower edges will very soon 
destroy it; for, it must be ob\ious, to any one at 
all acquainted with fire-work, how very powerfully 
the flame strikes upon any angular points. This, 
in the elliptical retort, is, of course, done away 
Lwith, whilst the advantage arising from its shape 
B retained. 
The square, or parallelopipedal, retort, is twenty 
liDches in breadth, thirteen inches high, and six 
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feet long, inside. It has a rib cast along 
middle, on the inside of that part which is, 
set, the bottom. This rib rises to the height i 
thr^e inches, but does not approach nearer to tl^ 
mouth-piece than about eighteen inches. It | 
for the purpose of strengthening the bottom of tl 
retort, and preventing it from falling out of shap 
but, when we consider the mode in which squai 
retortB are set, it will not appear to be necessai 
These retorts, when set six in one bed, and thi 
number heated by one fire, are placed close aloo) 
side each other. The lire-place, being at one t 
of the range, is so contrived as to admit of i 
flue being carried under the whole range towan 
their mouths ; it is then brought over the top < 
them, and again under and over in the like ^ 
previous to its being allowed to enter into 1 
main flue. Under this arrangement, square i 
torts, weighing about thirteen hundred weighl 
being set and worked at six hours' charges, witl 
(Me bushel and half of coals to each as one charge, 
at such a heat as causes ten thousand cubic feet 
of gas to be generated from a chaldron of Bewicke 
and Crasters Wallsend coal (twenty-sevec hun- 
dred weight), are found to remain serviceable one 
year. The carbonization is, when they are once 
brought to a working state, carried on at about 
Iwenty-five per cent.; but they require to baj 
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fired for a fortnight or three weeks before they 
are at a proper temperature for carrying on that 
process. 

The retorts themselves do not fall out of shape 
more than cylindrical ones; indeed, from several 
which I examined that had been in constant action 
from ten to twelve months, I could not observe 
that any of the sides had fallen in, and the tops 
of them appeared very little injured. 

The disadvantages which attend the use of 
those retorts are, first, that they are more expen- 
sive in the first instance than cylindrical ones: 
secondly, the length of flue passing under and 
over them being extensive, and of but small 
dimensions, it frequently becomes choked up, 
and requires, for clearing it out, various openings. 
When, therefore, it is found necessary to examine 
those flues, it generally happens that the heat of 
the retorts is very considerably decreased; and 
when we consider the lime requisite for heating 
them in the first instance, we must be aware that 
such a diminution cannot be overcome but by a 
considerable expense of fuel, and carrying oh the 
process very unfavourably and imperfectly. 
Lastly, when the retort is burnt out, the cost of 
replacing it is nearly equal to the first cost of 
Betting; whilst in using cylindrical ones, a retort 
is generally replaced for about three-fifths of its 
6rBt cost. 





I am here to notice, that, on the 5th of Augus|| 
1817, a patent was obtained by Mr. John Perk^ 
now in the employment of " the City of Londoa 
Gas Light and Coke Company," for arrangements 
of gas apparatus, of which I shall speak under 
their proper heads. Since commencing to write 
this Chapter, I have been favoured by the 
patentee with a sight of the various drawings 
described in his specification ; and, amongst the 
rest, with the different sections of his mode of 
setting retorts. His arrangement is such as to 
cause thirteen retorts, each capable of carbonizing 
a bushel and a half of coals in six hours, to be 
heated by one fire. 

The retorts are so placed, that, when the ob- 
server stands in front of them, twelve of the 
number form a circle round the thirteenth, which 
is cylindrical, the centre thereof occupying the 
position of the common centre of the surrounding 
ones. The shape of these retorts will be best 
understood by supposing two circles struck from 
the centre of the mouth-piece of the thirteenth 
retort; the inner one forming one side of the 
series of twelve, and the outer one the other. If, 
then, either of these circles be divided into twelve 
equal parts, and lines drawn from the inner to 
the outer circle, radiating from their common 
centre, the transverse vertical section of them 
will be exhibited. It is evident, that, under this 





' »rrangement they form si cojnjilete circle of large 
' diameter. The mouth-pieces are formed like 
those which are used with the square retorts (as 
described Plate 2d, Fig. 5), and, of course, the 
conducting pipes and H pipes leading to the 
hydraulic main, are nearly similar to those used 
for either cylindrical or square retorts. The fire- 
place ia in front of these retorts, and as they are all 
enclosed in a circle of brick-work, which is divided 
into four equal parts by fire lumps laid horizon- 
tally, and so brought out of the circle as to be in 
contact with the adjoining retort; and that part 
which is between the central retort and the others, 
being divided in a similar way, the action of the 
fire is under three, and then, turning over their 
ends, it comes over them towards their mouths, 
where it finds an opening leading above the next 
three; and, passing their ends downwards, it is 
brought towards the mouths a second time, and 
BO on in like manner, till it has traversed round 
the whole series, when it passes into the main 
flue. 

Wherever the manufacturer may be led to pre- 
I fer the mode of carrying on the distillatory pro- 
cess by submitting hts coal thereto in masses, 
before that of exposing it in thin strata, I should 
apprehend that the retorts of which I am now 
speaking would be found to answer his purpose 
better than either the cylindrical or square ones. 
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There can be little doubt but carbonization would 
by them be carried on at less expense, and the 
deterioration of the retorts themselveB decreased 

■ni a similar ratio. For, if we consider the dimen. 

Iftions of the circle by them formed, and the uni- 
fcrniity with which the flame acts through the 
Hues, we must set it down, as consonant to reason, 
Eithat their durability will be equal to, or greater 
than, cylindrical ones, when set on the flue plan 
and two are heated by one fire. 

Perhaps I may be considered premature in 
thus giving an opinion on retorts which have not 
yet been tried. In doing so, I most unquestion- 
ably deviate from the track pursued by some 
writers, who seem fearful to hazard theirs, and 
averse to speaking of any thing till experience has 
stamped its merit : but it would appear that he 
who follows such a line of reasoning must be a 
very child in science. We know that like causes 
produce similar etFecta ; and if we reason firona 
causes, the deductions drawn will not only be 
philosophical but true. In speaking thus I would 
have the reader to understand that I am not ac- 
tuated by any self-interested motives ; but. having- 
in the introduction to this work pledged myself 
to speak candidly of the inventions of ingenious 
njen, I take this opportunity of doing so. 
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) retorts 
set to one fire on the flue plau. In it the manin.T 
in which the cuoducting pipes are connected to 
the retorts is exhibited : these lead to the hy- 
draulic main in a similar way to what is sLewa iu 
Figures I and 3, Plate III. 

Figure 2 is a vertical section of the same retorts, 
supposed to be drawn about midway of their 
lengths. In this section a represents the end of 
that part of the flue leading from the fire under 
the lower retort which rises near the mouth-piece 
thereof through the openings b b.aad, passing be- 
tween the two retorts, rises over the end of the 
upper one ; and, being brought over the top of it, 
by means of an opening c, about nine inches from 
Ihe mouth-piece, enters the upper flue and thence 
rpasses into the main one. d J J arc end sections 
tif the fire-tiles; on the two lower lines of them the 
tetorts are supported, and the upper one forms 
ihe base of the top flue. 

Figure 3 exhibits a longitudinal section of these 
retorts. In it, a is the fire-place, b a section of 
Ihe fire-bars, and c the ash-pit. The direction 
taken by the flue is pointed out by small 
.arrows. 




Description of the Method of setting sir paral/e/Q^% 
pipedal Retorts, so as to be heated by one Fire, as \ 
eahibitcd in Plate 11, Figures 4 and 5. 

Figure 4 represents a transverse section of pa- 
rallelopipedal retorts, in which six are heated by 
one fire. These retorts are twelve inches square 
inside, and six feet in length. The fire-place a 
with the ash-pit b is placed at one end of the 
series, but so as when the observer stands in front 
of the retorts he shall be in front of the fire-place 
also. Under this arrangement, the retorts 1 and 
6 heat the best and 5 the worst. If the reader 
compares the situation of the flues, as exhibited 
in Figure 6 of this Plate, he will observe that there 
arc four which communicate with the fire-place. 
These are divided by lumps laid edgewise across 
the whole series of retorts, forming the fluea 
marked d d d d. Figure S. This range of flues is 
covered by fire-tiles, and upon them the retorts 
are placed close alongside of each other. Over 
the top of the retort is a range of flues eeee, which 
corresponds with the lower ones, and these are 
covered with fire- tiles and a course of fire-bricks. 
Upon the latter is a third series of flues of about 
two-thirds the depth of the former ones, and these 
rise by the opening^. Figure 5, into the main flue, i 
In Figure 4 the transverse direction of the flues is. 
shewn by the arrows leading from the fire-place. 
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^ The inouth-pieces of these retorts are circular, as 

shewn upon retort G. 

Figure 5 represents a longitudinal section of 
I these retorts, in which the flues and action of 
I the fire have already been descrihed. A is the 

retort, a the fire-place, b the ash-pit, and c the 

fire-bars. 



Description of the Method of setting five cylindricat 
Retorts in one Oven heated by three Fires, with Sec- 
tions of the hi/draulic Main and Dip-Pipes, as ej- 
hibitedin Plate III, Figures I, 2, and 3. 

Figure 1 represents a front view of the re- 
torts AAAAA, as set and in a finished state. In it 
the two upper retorts are shewn without the lids 
of their respective mouth-pieces : the two outer 
lower ones with the lids on, but without their 
being secured by the cross-piece shewn upon the 
middle one. The bed of these retorts is supported 
by an arch of brick-work marked BB. It is 
I brought so far forward as to allow room enough 
Ifor the stokers to charge and draw the retorts, and 
Ifer a sufficient quantity of coals to be kept for sup- 
f "flying two or three charges, with fuel for present 
Use, luting, tools, &;c. Immediately in front of 
the retorts is introduced, instead of part of the 
key-stone for the arch, a cast-iron frame of about 
three feet and a half long and two feet broad at 
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the top. with an iron door fitted to it. The bottom 
of the frame is struck to the radius of the arch, 
and of course the sides taper inwards in propor- 
tion to that radius. The situation of the opening 
is expressed at C. This opening is for the pur- 
pose of allowing the red-hot coke wheo drawn 
from the retort to fall into the archway at D. 
aaa, the doors of the fire-places, bbh the doors of 
the ash-pits. These doors are furnished with I 
three peipendiailar slit-s of about two-thirds their 
length and five-eighths of an inch in diameter for 
allowing a current of air to pass to the fires. The 
dimensions of these slits can be decreased by 
another piece, made with openhigs to correspond, 
which slides horiMmtally in grooves in a hue with 
them, 80 as to regulate the admission of air to such 
f. degree as the operator may desire, ccccc are 
the conducting pipes which convey the gas as it is 
evolved from the retorts towards the hydraulic 
main, ildddd front sections of the H pipes. 
eeeee, front sections of the dip-pipes, with the 
saddles through which they are bolted to the 
hydraulic main. E the hydraulic main, F the 
main pipe for conveying the gaseous and other 
products evolved towards their respective re-: 
servoirs, GGGG cast-iron columns fitted with 
crutches at the tops of the upper ones for support- 
ing the hydraulic main. 

figure 2 is a section of the same reports. 
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which supposes them to be cut through from the 
top to the bottom about the middle. In this 
section the hydraulic main, dip, and conducting 
pipes, are not shewn. AAAAA the retorts. 
aaaaaa, such part of the arch forming the oven 
and brick-work contiguous to the fire-places, all 
of which require to be constructed of Welch fire 
and arch bricks. The crown of the oven is flat- 
tened by means of Welch fire tiles as at b. At 
the extreme end of the oven are two openings, 
which lead into the two small 6ues cc. These 
flues pass above the top of the oven towards the 
front of the retort, and then each turns towards 
the centre flue d, which having entered, that one 
leads towards the main flue H, which it enters 
through the opening e. JJf are the fire-places, 
and ggg the ash-pits, hlik are fire-lumps placed 
beneath the lowermost retorts for protecting 
them from the action of the fire. The two upper 
retorts are supported near their middle by 
wrought-iron belts, which are brought through 
the upper part of the oven, and passing through a 
cast-iron bearing bar placed above it, are secured, 
by means of nuts, in the situation wanted. 

When the oven-plan was first introduced, the 
retorts were supported by cast-iron propa bedded 
in the brick-work, crutch-shaped at the top. and 
rising to a proper height to receive them. They 
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are uol now used, and therefore not shewn in the 
plate. 

J-'igure 3 is a longitudinal section of cylin- 
drical retorts set on the oven plan. AA are the 
rctoits, the moiuli-jnece of the lower one being 
secured by ilie lid and cross-piece; the upper one 
is shewn without the lid. / is the fire-place, with 
the position of the grate-bars, g is the ash-pit. 
The action of the fire i.s the same in this section as 
has already been described by Figure 2 : the flame 
having exerted its force in the oven, rises by the 
opening shewn at the extreme end of tlie retorts, 
and passes along the flue towards tlieir mouths till 
it comes to d, when it enters the middle flue lying 
parallel to the flue c ; that leads into the rising 
part e, and thence into the main flue H, k is the 
conducling-pipe which conveys the gaseous and 
other products from the retorts to the II pipe /, 
and that carries them into the dip-pipe /r, which 
enters into the hydraulic main E. In this section 
of the hydraulic main, the fluid by which the dip- 
pipe is sealed is shewn as at I, through which the 
gas hubbies up as it is evolved, and passes along 
the upper (-.art of the hydraulic main towards the 
main pipe F (as shewn in Figure 1) on its way to 
the condenser. The hydraulic main is supported 
in this section in a simitar way to what was shewn 
in Figure 1 ; but instead of a brick arch for sup- 
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porting the floor in front, m is one of a range of 
beams for supporting a cast-iron floor. ii is tlie 
opening for allowing the coke when dra\vn from 
the retorts to fall on the floor o. This opening is 
covered by an iron door, which is closed at all 
times save when the retorts are drawing;. 



Description of Mr. John Malams Method of setting 
Five of his EUipliial Retorts in one Oven heated 
by three Fires, with Sections of the Hydraulic 
Main and Dip-Pipes as crhibited in Plate IV, 
Figs- I. 2, and 3. 

Figure I represents a front view of the re- 
torts, as set and in a finished state. The arrange- 
ment of the retorts, hydraulic main, dip and H 
pipes, being nearly similar to that described in 
Plate III, a repetition of description is not neces- 
sary here : we shall, therefore, only describe such 
parts as differ from the former mode of setting. 
In front of these retorts is a cast-iron plate AAAA, 
against which the flanch of the retort rests. At 
each corner of this plate is a hole for receiving a 
bolt. This passes through the brick-work to the 
back of the retorts, which is supported by a plate 
of similar dimensions to that in front, cast with 
openings opposite the end of each of the retorts. 
These openings are secured by plugs, which are 
removed when it is requisite to replace a retort 




that may be worn out. lo it are also openings 
for the sigbts. The bolts stated to pass tbrougli 
the front plate pass through this also, and bolh are 
vecuied ti>gelher by screwing up their respective 
nuts. Under this arrangemeDt, and by a con- 
trivance described hereafter, when speaking of 
Figures 3 and 4, Plate VII, it is not necessary to 
disturb any of the brick- work, when, from a retort 
becoming ineffective, it requires replacing. The 
fires for heating these retorts are placed at their 
back. 

Figure 2. Is a section of the same retorts 
which supposes them to be cut through from the 
top to the bottom about the middle, aa are fire< 
lumps placed edgewise so as to divide the distance 
between the exterior lumps bb into three equal 
parts corresponding with the fire-places, ccc are 
the ends of the arches over the respective fire- 
places as they meet the dividing lumps aa. ddd 
are three fire-tiles resting upon the lumps baab\ 
these tiles form a bridge from one side of the oven 
to the other, eej ee is a section of the oven, the 
rising part on each side marked ee being con- 
structed of Stourbridge arch bricks, and the flat- 
tened part/of Welch lumps or fire-tiles, gg are 
sections of the two horizontal flues which rise near 
the mouth of the retort, and pass towards the 
main flue. 

Figure 'i. Is u longitudinal section of elliptical 
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retorts set on Mr. Malam's plan. AA are the 
retorts, b is the 6re-place. c is a section of the 
grate bar. The lower edge of this bar is cham- 
ferred off and of a circular form. It is of sufficient 
depth to allow the action of the cool air through 
tlie ash-pit to have full effect upon it, thus pre- 
venting the very rapid destructioa which generally 
attends cast-iron grate bars. / is the ash-pit. 
fl is a section of the lump for dividing the flames 
from the different fire-places. J is a section of the 
tiles which form the bridge. The flame acting 
under the arch c, as e.vpressed in this and the 
former figure, passes between the dividing lumps 
under the range of tiles </, and there divides jtself 
in the direction of the two arrows, by this means 
causing the heat to act uniformly in the oven. 
The opening flue is expressed at g — it passes 
along A, and rises at i, preparatory to entering 
the main flue. These retorts are cast with a 
cylindrical projecting end, which is received into 
the brick-work : they are also supported by cast- 
iron props (bedded in the brick-work beneath 
them) crutch-shaped at the top. The section of 
the hydraulic main, dip, and H pipe, as also of the 
floor, is the same as shewn in the longitudinal 
section of cylindrical retorts set on the oven plan, 
to the description of which our readers are referred. 
As from the smallness of the scale on which 
thes§ Bectipns are drawn, it would be difficult to 
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explain the mode adopted by me for removing a 
defective retort, I have, therefore, in Plate Vf I, ex- 
hibited it on a larger one. which is here described. 
Figure 3. Is a transverse section of the coup- 

I fings which surround the retort when it is set. 

I The face of the couplings is brought close up to 
the flanch of the retort. 

Figure 4, aa is a longitudinal section of the 

, couplings, they are wedge-shaped. A is a section 
of part oi the retort, bb the iron plate in front of 
the oven, cast with flanches verging inwards so as 
to fit to the couplings when brought lo their places 

' by the flanch of the retort coming close to the 

I |>late. cc part of the brick-work in front of the 

I ieven, so angled off as to allow the heat to ap- 
proach as near the mouth-piece as the couplings 
tvill permit. 

When this plan is adopted, it is evident that, by 
introducing the couplings nearly to their places* 

I iWid bedding them in cement, the bringing of the 
retort to its situation in the oven will force them 
Bp, and form a complete joint round it. On the 
contrary, when a retort becomes defective by die- 
placing the plug opposite to the end, and bringing 
a purchase upon that end by means of an iron bar, 

''(the joint between the mouth-piece and gas con- 
ducting pipe being first broken) it will be forced 

I out of the situation it had occupied and loosen the 

I couplings. When the retort has been moved about 
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a foot, tbey may be taken away, thus leaving 
sufficient room for the retort to pass : it may be 
drawn out by a purcliase made fast to an eye-bolt 
in the wall opposite thereto, and a new one intro- 
duced into its place, the whole operation being 
performed in two or three hours. 



A TABLE, exhibiting at one View the Advantages and 
Disadvantages which arise to the ManuJ'adarer from the 
Use ofdiffheiU Kiudi of Retorts variousfj/ avrked. 
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■ 




Durabil>i> 
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■ 
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B..ih.-t. 
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Cirbo- 
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1 


■<«a or 


D.T1. 
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woiklni 
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™h. 
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Ch.,|^. 


b»<. 


rledtn. 
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A 


270 


2 


8 


10,000 


20 


a 




A 


180 


n 


6' 


9.000 


30 


a 




A 


180 


u 


4 


8,.500 


30 


a 




A 


180 


■2 


8 


9,000 


25 


b 




A 


l?0 


li 


6 


8.500 


33 


l> 




A 


130 


11 


4 


8,300 


35 


b 




A 


ISO 


2 


8 


10,000 


■35 to 50 


c 




A 


120 


IS 


6 


9,000 


do. 






A 


130 


li 


4 


8,500 


do. 


c 


L 


B 


03 


2 


8 


10,000 


1 6 10 40 


d 


t' 


B 


42 


li 


5 


9.500 


d... 


d 


I 


C 


270 


li 


4 


15.000 


30 


c 


1 


D 


300 


■ s 


6 


1 r>,ooo 


■'" 


f 



In the first column of the foregoing table from A 
is to be understood that the results expressed in a 
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line with that letter arise from the use of cylin- 
drical retorts of the dimensions, SfV., as hereafter 
mentioned, that is to say, 

Dimensions. — 6 J feet long; 1 foot diameter 
inside. 
^K AVeight, cwt. 10 : 2 : ^ 
^Bl Price, per ton, ^12. 9 
^^t'irst cost of setting, including retorts, 
brick-work, labour, hydraulic main, and con- 
nexions, %rith coke liearlh, complete £.'23 

Cost of replacing one that may be worn out 15 

Those marked B in the first column are of the 
same dimensions, price, and weight. 

Those marked C are elliptical and of the fol- 
lowing dimensions, ^c. : 
Length G\ feet. 
Transverse diameter inside, 20 inches. 

t Conjugate diameter inside, 10 inches. 
I Weight, cwt. 13 : 2 : 

Price, per ton, £13 ^ 

First cost of setting, including retorts, ^ 

brick-work, labour, hydraulic main, and con- *" 

nexions, with coke hearth, complete ^ 25 

Cost of re-setting, when the oven in which 
they are placed requires to be rebuilt .... 18 
Those marked D are parallelopipedal shaped, 
and of the following dimensions, &;c. : 
Length, 6 feet. 





Breadth inside, 20 inches. 
Depth inside, 13 inches. 
Weight, cwt. 13. 
Price, per ton, £12. 
First cost of setting, including retorts, 
brick-work, labour, hydraulic main, and con- 
nexions, with coke hearth, complete i 21 

Cost of re-setting 18 



The letter a in the last column of the Table im- 
phes that the results opposite thereto are from 
retorts set on the flue plan, two being heated by 
one fire at the back of the retorts. 

The letter b in the same column, — retorts set 
on the flue plan, three being heated by one fire 
in front of them. 

The letter c, — retorts set on the flue plan and 
four being heated by one fire at the side opposite 
to their mouths. 

The letter (/, — retorts set on the oven plan, five 
being heated by three fires immediately beneath 
the front of them. 

The letter e implies that the retorts are ellipti- 
[ cal and set on Mr. Malam's plan, five being heated 
I T>y three fires at the back of them. 

The letter/ relates to parallelopipedal retorts. 
I twelve being set in one bed and heated by two 
[ fires ; the flues passing under and over six retorts 
L from each fire. 
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When cyllntlrical retorts are set two to one fire, 
so as to produce, when worked at a bright red 
heat in the proportion of 10,000 cubic feet of gas 
to a chaldron, if the temperature be decreased 
they wil) not produce much more than 8,000 
"cubic feet to the chaldron ; but their durability 
will be extended to twelve months; and such de- 
crease of temperature under any of the arrange- 
ments exhibited in the foregoing Table, when 
working cylindrical retorts, will cause a propor- 
tionate decrease in the quantity of gas generated, 
and an increased durability to the distillatory 
Vessel. 

Whilst cylindrical retorts, worked at a low 
temperature, are producing but 8,000 cubic feet 
of gas from a chaldron of coals iu eight hours, the 
rotary retorts would in six hours produce from 
15 to 16,000 cubic feet of gas from the same 
quantity of coal ; and the elliptical retort from 
14 to 15,000 in four hours. 

When cylmdrical retorts are set on the flue 
plan, and four heated by one fire at the back, 
should they be fitted with my apparatus for re- 
moving a defective one, they would always work 
eight hours' charges of two bushels to each retort 
at 25 per cent., producing 10,000 cubic feet of 
gas to the chaldron ; and, when worn out, might 
be replaced for about seven pounds each. 




I On Carbonization, as far as relales to the moil beneficial 
Time for working the Retorts, and the per centage at which 
it may be carried oit. 

As on the pursuing a proper mode of carbonizing, 
the very existence of any gas-light establishment 
very materially depends ; therefore, the pointing 
out such errors as may have crept into the sys- 
tem, and giving plans likely to answer the manu- 
facturer's purpose, are subjects of considerable 
importance. In almost every establishment for the 
manufacture of coal gas, experience has pointed 
out, to those who had the direction of it, the ne- 
cessity there was for every attention being paid 
to the subject ; and so numerous have been the 
experiments made for the purpose of decreasing 
the expenses which arise from the destruction of 
the retorts ; for carrying on the process of carbo- 
nization at a low per centage ; and for obtaining 
, the greatest quantity of gas in the least possible 
, time, and of the best quality ; that it is really 
astonishing greater improvements have not arisen 
out of them. 

As the different shapes of the retorts, with the 
general results arising from the use of each, have 
been spoken of in the preceding Chapter, I shall 
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DOW confine my inquiries more particularly to tlie 
most beneficial time for working the retorts, and 
the per centage at which, in every well -organized 
estabUshment, carboruzation ought to be car- 
ried OD. 

In the early period of this new mode of obtain- 
ing light, it was not at all uncommon to hear of 
attempts to decompose coal in such prodigious 
masses as would require more than twenty-four 
hours to work ofl' one charge. When such was 
the case, more coal was used for heating the re- 
tort than the quantity it contained, from which 
gas was to be extracted. Retorts of as much as 
twenty inches in diameter have been heard of, 
and the time alluded to is wticu such were used. 

When these were filled with coal, and submitted 
to the distillatory process, every one must be 
aware that a considerable time would elapse 
before the coal became heated through; and, as 
the outer surface would first become so, it would, 
after being decomposed, become so close a coat- 
ing to the more central part of the coal in the 
retort as to render the passage of the gas from 
that part very difficult : and it would follow, that, 
although the quantity of gas evolved during the 
first two or three hours of the process might be 
very considerable, it would hourly decrease, and 
so Qiuch so, that, during a very considerable time 
of the latter part of the process, there would not 
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be BO much gas procured as would repay the 
manufacturer for the coals necessarily used for 
keeping his retort at a working heat. A system 
like this could not be expected to continue for 
any length of time ; its errors were too palpable 
to remain unnoticed. When it was practised, 
Buch as were conversaul in the science considered 
that if they could once reduce the expense of 
carbonizing to less than fifty per cent, on the coals 
carbonized, further improvement could hardly be 
j expected. A very few years' practice has proved 
' how little was then known of the subject ; for, in- 
stead of carbonization being carried on at 50 per 
cent., it has actually been reduced to as low as 16 
. per cent., when working retorts on a very exten- 
I live scale. This reduction was not, however, all 
f at once, nor was it altogether effected without in- 
creasing the expenses in the wear and tear of 
retorts, or, other^vise, by a loss in quantity of gas 
procured from a chaldron of coals. The retorts 
have been reduced from the diameter just men- 
tioned to about twelve inches, and such are the 
^BlOSt in use : but, even with these, it has been 
to uncommon circumstance to work at an enor* 
mous per centage, as I have before had occasion 
to mention, when speaking of the different modes 
of selling them. 
It became a question with some, whether the 
Imanufacturer would not increa»ie his profits by 
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working his retorts at a lower temperature than 
was necessary to obtain at the rate of about 
10,000 cubic feet of gas from a chaldron of Be- 
* wicke and Crastor's Wallsend coal, the length of 
time necessary for the process being accomplished 
being eight hours ; each retort being charged 
with two bushels of coal, and the heat worked at 
that of a bright red by day-light. To ascertain 
the fact, numerous experiments were made at 
different establishments, and with retorts of dif- 
ferent shapes; the results of alt which tended to 
prove decidedly in favour of eight hours' charges 
in al! places where, as in London, the price of 
coal is high. Where coals were very cheap, 
working the retorts at a low temperature, might 
answer; but, generally speaking, such mode 
ought to be avoided. When it is considered that 
by working the retort at a low temperature, not 
more than about eight thousand cubic feet of gas 
can he expected from a chaldron of the same 
coal, which, if decomposed at the higher tem- 
perature produces ten thousand, there evidently 
arises a loss upon each chaldron, in the pro- 
duction of gas only, of two thousand cubic feet, 
which, in proportion to the light obtainable there- 
from, compared with that obtainable either from 
oil or tallow could not be had for less than thirty 
shillings. Under such circumstances, it will not 
be difficult to conceive that even where coals are 
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cheap, it is a doubtful case whether it would be 
advantageous to the manufacturer to adopt the 
jdau of working his retorts at a low temperature. 
For myself, I must confess, when I take the profits 
on one part, and compare them with the losses on 
the other, I am ready to pronounce, that with 
cyhndrical retorts it will always be the most ad- 
vantageous to charge with two bushels, and work 
with such a heat aa will from a chaldron of coals 
(twenty-seven cwt.) give the average quantity of 
10,000 cubic feet. 

Whilst experiments were pursuing by some 
for ascertaining the above point, others conceived 
tt would be more profitable to work the retort at 
six hours' charges, decreasing the quantity of coals 
to be carbonized by each retort during one charge 
from two bushels to a bushel and a half, or even a 
bushel and a quarter. They were led to think 
that advantages would arise from such mode of 
working, from considering that in the charge of 
eight hours, four-fifths of the gas was evolved 
during the first six hours of the process ; and that 
such was in reality the case, the following table, 
being the results of numerous experiments made 
jn the large way under my own observation, will 
very clearly demonstrate. It may not be im- 
iproper to observe, that I was led to make these 
experiments during the summer months of 1816, 
fj-om having found it difficult to ascertain the 
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quantity of gas generated during the short days of 
the preceding winter, when tlie street valve fre- 
quently did not remain shut during one entire 
charge. As one part of my duty was to report on 
the quantity of gas daily generated, I considered 
that, by a series of experiments made on different 
kinds of coal, I might obtain such a knowledge of 
the manner in which the gas passed over, as would 
furnish me wltli proper data lor making my calcu- 
lations from, even if the communication between 
the street-mains and gas-liolder was not shut off 
more than half the time of one charge, 

TABLE, 

Exhibiling the Ratio al which the Gas h evolved from 
Bemcke and Craitor's tValhend Coal, when the Returts 
are xoorktd at eiglU hours' Charges. 



uring the Ist. lie 


ur of the process 2,000 


2nd. 


1,495 


3rd. 


l,,'J87 


Vh. 


1,279 


.ich. 


„ 1,189 


Olh. 


991 


„ 71I1. 


884 


81I1. 


774 




Total 10.000 



obtained during the process from one chaldron of 
coals. If, therefore, this total be considered as 
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f unity, the cubic feet of gas as therein stated to 
I pass over during each hour of the charge will be 
decimal parts of it. And it follows that if the 
[ qnantity of gas actually generated be known, for 
I Bny part of the process, the entire quantity may 
be known also, by dividing that which is known 
by the sum of the decimals corresponding in the 
tabic with the hours on which the observation 
may have been made. Thus, for example, sup- 
posing such a number of retorts charged as pro- 
duced from the beginning of the second to the end 
of the fifth hour of the process 6,741 cubic feet of 
gas, to ascertam the quantity produced during the 
whole time of that charge. 

By referring to the table, it will be found that. 



During the Scl. hour of the pruccaa, 149^ urc generated. 



3rd. 


,1387 


4di. 


,r279 


5lh. 


, 1189 



Their sum , 5350 in ihis case will 
be the divisor. 
tThen 6,741 -~ , 5350 = 12,600 the gas produced. 

But to return to the subject of profit expected 

I to arise from working the retorts at six hours, or 

[ diorter charges, however plausible it might appear 

in theory, when it was brought into practice an 

entire failure was the consequence. That a greater 

; proportion of the gas is evolved during the first 
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part of the process, the table I have just given 
will explain — and from it almost every one, who' 
had not an opportunity of convincing himself to 
the contrary by actual experiment, would consider 
Buch mode advantageous. It is now my business 
to shew that it is not so. 

When working eight hours' charges, one chal- 
dron of Bewicke and Crastor's Wallsend coal 
(the retorts being at a bright red heat) will pro- 
duce 10,000 cubic feet of gas; and when working 
six hours' charges, the retorts being at the same 
heat, one chaldron of coals of the same quality 
does not, as appears from the results of at least 
forty experiments made in the large way, yield 
more than about fi,300 : — therefore, supposing 
eighteen retorts should be worked for one day at 
eight hours' charges, they would produce 30,000 
cubic feet of gas. To produce the like quantity 
of gas by working six hours' charges, four more 
retorts would require to be worked : — for eighteen 
being worked at six hours' charges could not ia 
that time carbonize more than three chaldrons of] 
coals ; nor, with the same heat as that used in the' 
process of eight hours, produce more than 24,900 
cubic feet of gas — it being found necessary to de- 
crease the quantity of the charge in proportion toi 
the time for carbonizing; and when these shorti 
charges, of which I am now speaking, werei 
worked, more Uian a bushel and a half of coals^ 
wa« never submitted to the distillatory process in; 
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one retort at one time. That small quantity of" 
coai was not, however, well carbonized, oor was 
the increase of coke on coal carbonized near so 
great as when working eight hours' charges. The 
coke was not so good, it was more subject to 
waste and unfit for many purposes to which other 
coke was applicable. 

To point out the disadvantages arising from 
working six hours' charges, I do not know that 1 
can adopt a better method than that of stating the 
actual expenses of coals, (§■<■., and products ob- 
tained therefrom when working six hours" charges 
during one week, and comparing the results with 
those given when working the retorts at eighthours' 
<^arges, so as to obtain a like quantity of gas. 

Dislillatory Process. Sii- Hours. 
Report A. 



WEEK. 
DAY. 


1 


COALS. 


GAS. 1 


Suhmliled 
la(h<^ 

Procwt 


Used fof 

balmg the 


PlOdUMd, 


fwiqlehiJ. 
dron or coal. 


Monday .... 
Tuesday.... 
Wednesday 
Thur.duy .. 

Friduy 

Salnrdiiy ... 
Sunday.... 


No. 


Ch. 


Bu. 


Ch. 


!». 


C.bi.F«., 


Cubig Fnl. 


87 

88 
94 
96 

!>6 


10 
14 
U 
IS 
16 
U 
15 


30 
34 
d4 
S4 




4 

6 
6 
6 
6 
6 


S4 

26 
Si 


94.987 
I28.5D7 
193.188 
131,176 
197,696 
187,536 
185,487 


8,768 

3,784 
8,331 
e,373 
7.981 
7,971 
8,092 

8.300 


103 


13 


43 


14 


s.57."'">7 
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Ejj/enditure. 

103 ch. 12 bu. B. 8c C. Wallsend 

coal carbonized at 51^. 6^. .£266 1 8 

43 ch. 14 bu. Hartley's coal used for 

heating the retorts at 42s. per chal. 912 4 
Wages of two additional Stokers (not 
required had the retorts been 
worked at eight hours' charges) at 
36^. each per week 3 12 

Total Expenditure £ 360 16 

Products. 

Coke, 103 ch. 12 bu. at 27s. perch. <£139 12 

Breeze, 6 ch. 9 bu. at 18^. 5 12 6 

Tar, 7| tons at £ 8. per ton 62 
Ammoniacal liquor, 1,864 gallons at 

3d. per gallon 23 6 

Gas, 857,667 cubic feet at 15^. per 

thousand 643 5 



Total for Products ^873 15 6 



Here the amount of expenses of fuel, coals, 
^c.f for procuring 867,667 cubic feet of gas is 
^360 16 0— the products in value are ^873 15 6, 
and the average proportion of gas obtained from 
o&e chaldron of coals 8,300 cubic feet. 
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D'utiHatory Process, Eight Hours. 
Report B. 



WEEK. .5 
DAY. 1 


COALS. 


GAS. 1 


Submitted 

P.oce«. 


UKd for 
hallncihe 
Retom. 


i'lodoctd. 


rom 1 chkl- 


No. 


Ch. 


Bu, 


Ch. 


B.!, 


Cubic K«l- 


Cubic F«i. 


Mouday .... 57 
Tuesday.... ?? 
Wednoday 73 
Thursday . . 7fl 

Friday 76 

Saturday ... 77 
Sunday ... .1 75 1 


9 

la 

12 
13 
13 
19 
19 


IS 
SI 

8 
4 
97 
27 

20 


2 

3 
3 

a 
3 
3 
3 


13 

S 
2 
10 
7 
6 
6 


94.987 
128,597 
122,188 
131,176 
137,696 
187,536 
136,487 


10,000 
10,000 
10,000 
10,000 
10,000 
10,000 
10,000 


85 


27 


31 


16 


857,667 


10,000 



Expenditure. 

85 ch. 27 bu. B. & C. Wallsend coal, 

carbonized at b\s. 6d. per chal. ^220 16 1| 
21 ch. 16 bu. Hartley's coal, used 

for heating the retorts at 42^. per 

chaldron 45 1 8 

Total Expenditure ^£265 16 9^ 
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Products. 

100 ch. of coke, at 21s. per ch... jei3S 
3 chal. of breeze, at 18^. ,, • • 2 14 
6 jtoDS 8 cwt. of coal tar, at £ 8. per 

ton 51 4 

1,536 gals, ammoniacal liquor, at 3^. 

per gallon 19 4 

857,667 cubic feet of gas, at 15^. per 

thousand 643 5 

Total for Products je851 7 



From the result of this process, it iq[>pear8 that 
at the expense of ^265 16 9^, the value of the 
products is ,£851 7 0. 

By comparing the two preceding reports, the 
reader will observe that the same quantity of gas 
was generated each day, notwithstanding there 
were fewer retorts in use and less coal carbonized 
by Report B. than by Report A : — and that the 
expense of fuel for heating the retorts in use, when 
the distillatory process was extended to eight 
hours, was considerably less ; and the proportion 
of gas, obtained from a chaldron of coals in such 
case, greater than when that process was only 
continued six hours. 



OS CARBONIZATION. 



157 



Now if from the products per Report A, 
J 873 15 6 
we take 851 7 the products per Report B, 

■ "[ 22 8 6 which being substracted 

from the difference between the expenditure, as 
specified in the reports alluded to 
thus, Report A. ^360 IG 
B. 2Go 16 9| 

Difference 94 19 2| 
less 22 8 6 



leaves ^72 10 8^ as a balance 
in favour of working eight hours' charges for one 
week, and producing a like quantity of gas as had 
been obtained by working six hours' charges. 

Thus, having compared the quantity of coals 
actually used when working six hours' charges, 
with what was used to produce a like quantity of 
gas from eight hours' charges, I shall next point 
out, in Report C, the quantity of gas generated 
when working the same number of retorts at eight 
hours, which had been worked at the process of 
six hours. 
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£ight Hour$ Process. 
Report C. 



WEEK. 
DAY. 


1 


COALS. 


[ GAS. 1 


B 






Pioduced. 


f,°»'i'c;Ui. 


Monday 

Tuesday. . . . 
Wednnday 
Thursday .. 

Friday 

Saturday.... 
Suuduy 


87 
68 
S8 
94 
9S 
96 
96 


Ch. 


Du. 


th. 


Bu. 


Cubic F«l. 


Cubic FteL 


14 
14 
14 
15 
16 
1(> 
15 


18 

24 
24 
24 


18 


3 

5 

3 
.1 

4 

4 
3 


28 
24 
24 
33 




145,000 
146.667 
146.667 
156.666 
lt>O,0(HI 
160,000 
155,000 


10,000 
10.000 
10,000 
10,000 
10,000 
10.000 
10,000 


If)7 





•2ti 


■J 7 


[,070,000 


10,000 



E.rptiidituie. 

107 ch. of B. and C.'s Walisend 

coals, carbonized at 51*. Gd. 

per chaldron ^£275 10 6 

20 ch. 27 bu. Hartley's coal, used 

for heating the retorts, at 42s. 

per chaldron 56 3 6 



Total expenditure. . J; 331 14 
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Products. 



Coke, 124 chaldrons, at 27s. per 

chaldron £ 167 8 

Breeze, 4 ch., at 18^. per ch. . . 3 12 

Tar, 8 tons, at 8/. per ton 64 

Ammoniacal liquor, 1,945 gallons, 

at 3d. per gallon 24 6 3 

Gas, 1,070,000 cubic feet at 15s. 

per thousand 802 10 



Total for products ^1,061 16 3 



Recapitulation. 

Products, per report C, ..iJ1061 16 3 

Ditto ditto A, 873 15 6 

Difference.. A 188 9 



Expenditure, per report A, £ 360 16 
Ditto ditto C, 331 14 



Difference «£ 29 2 



From the above recapitulation, it will appear 
that by working equal numbers of retorts at six and 
at eight hours' charges, the balance is consider- 
ably in favour of the latter; for, from the foregoing 



statements, there appears to be on the latter an 
increase of products amounting to 

^188 9 
obtained at 29 2 less expense 
consequently there 
is a balance of 



5X217 



2 in favour of 



working the retorts, as specified in report C, over 
that shewn in report A ; and in such proportion, 
let the number of retorts worked be what it may, 
an advantage will always be gained by working 
cylindrical retorts at eight hours' charges in pre- 
ference to adopting the shorter process. 

After the reader's examining the reports A, B, 
and C, it will not be necessary to say much more on 
the subject of decreasing the time for working off 
one charge of the retort ; for, as these reports 
are the results of experiments made by me, 
with great care and attention, they shew more 
than can be done by any mode of argumentation. 
However, if we refer to reports A and B, and 
pursue our calculations a step further, we shall 
find greater advantages arising to the latter ; for 
it has been proved that when retorts are worked 
as specified in report A, they do not last more 
than about two-thirds of the time that they re- 
main serviceable when worked at the eight hours' 
process. This more rapid destruction of the re- 
tort arises principally from the necessity of work- 
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ing it at a higher temperature than would be 
required were it otherwise worked ; for, unless it 
be kept almost at a white heat, in the shorter pro- 
cess, the frequent charging and drawing so cools 
the retort as would, were it not kept so, render it 
altogether unqualiiied for carbonizing the coal in 
so short a period. By thus keeping up the fires, 
the grate-bars are more rapidly worn out also, 
and the destruction of every part of the fire-work 
very much augmented. 

The following statement is made for the pur- 
pose of bringing before the reader the annual 
■ balance in favour of working eight hours' charges 
over those of six hours, when it is required to 
produce the average weekly quantity of 857,667 
'cubic feet of gas by either process. 

At page 157 the balance in favour of working 
eight hours' charges, for one week, over those of 
six hours, the quantity of gas, as above-mentioned, 
being produced, is 72/. lOs. H^d. ; or, at the rate 
of 3,7711. I6s. lOd. per annum. This balance is 
for coal, products, and labour. 

The first cost of setting one retort on the flue 
'plan, four being heated by one fire, including pipes 
to the hydraulic main, coke-hearth, S;c., complete, 

23/.. or 02/. for a series of four. 

The cost of replacing a retort is about 15/., or, 

the rate of 60/. for a series of four. 
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By the six hours* process it would re- 
quire eighty-eight retorts to be kept con- 
stantly at work to produce 857,667 cubic 
feet of gas per week. Retorts so worked 
would not, at an aTcrage, remain serviceable 
more than four months ; consequently, 264 
would be burnt out in a year : the cost of 
replacing each being 15/. amounts to • . . .^3,960 

Wear and tear of grate-bars 140 



^4,100 



By the eight hours' process it would re- 
quire seventy -six retorts to be kept con- 
stantly at MTork to produce 857,667 cubic 

feet of gas per week. Retorts so worked 
would remain ser>'iceable six months, con- 
sequently there would be but 152 burnt 
out in a year : the cost of replacing each 

being 15/., amounts to ^62,280 

Wear and tear of grate-bars 80 



^2,360 



Balance in favour of the eight hours' 
process, as far as relates to wear and tear 
of retorts, fire-bars, <Sr., <£ 1,740 




Now, the balance for coal, pro- 
I ducts, and labour, being, as already 
'stated, J3,771 16 10 

If to that we add 

The balance for wear and tear 
of retorts, grate-bars, ^-c 1 ,740 



their sum, ^'5,511 IG 10 
is the annual balance m favour of working eight 
hours' charges, when it is required to produce, in 
that time, by either process, 44,598,684 cubic 
feet of gas. 

Considerable as is the advantage gained by the 
manufacturer from working his retorts at eight 
hours' charges instead of six, botli as it regards 
the products, and also the wear and tear of re- 
torts, as has been clearly demonstrated ; yet, 
from an erroneous opinion resting on no well- 
grounded principle of sound economy, the practice 
of working the retorts at six hours' charges has 
80 gained ground that it is now very generally 
adopted. Before I quit this subject, it is neces- 
sary I should remark that although I have stated 
the durability of the retorts when worked at siM 
hours' charges, to be four months, which was ac- 
bially the case when they were set four to' one 
ftre; yet, from observations made during twelvb' 
months upen retorts set on rtie oven plan, 1 fi)W|i 





their average durability, when so worked, not t« 
be so much as two months. 

The cause which, perhaps, first induced the 
manufacturer to work cylindrical retorts at less 
than eight hours' charges, was a want of room in 
the gas-holders equal to the light he had to sup- 
ply, which induced him to conceive it better to 
shorten the duration of the process of carboniza- 
tion, in order that he might obtain a greater pro- 
portion of gas in a shorter time. This, I think, 
has been proved could not be the case in the pre- 
ceding pages ; and, if it was not, what other ad- 
vantages could he gain? Certainly none. In- 
stead of his obtaining a greater quantity of gas in 
a given time, from equal numbers of retorts, when 
worked at six, than could have been, bad he 
worked them at eight hours' charges, he could 
not possibly obtain so much, and, what was still 
worse, the least quantity was obtained at more 
expense than the greatest. 

We shall presume that on all occasions where 
cylindrical cast-iron retorts are used, the eight 
hours' process is the most advantageous, and 
reason must point out how far any other lessens 
the profits of an establishment. 

Were it requisite to go into calculation upon 
the different modes of working the retorts, taking 
the results of experiments made at different 
tunes and under various circumstances as data* 
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it ought be most clearly proved how much ia all 
cases the longer process excels the shorter. 
In order, in some measure, further to elucidate 
I this point, I am to observe, that, whenever pit-coal 
'» to be submitted to the process of distillation, 
the time for the process cannot be shortened to 
less than eight hours, unless we have the means 
of exposing the coal to the action of heat in thin 
strata, — say four inches ; and, when coal is so 
exposed in cylindrical retorts, that retort which, 
when worked at the eight hours' process is capa- 
ble of carbonizing two bushels of coal would only 
carbonize about three-fifths of a bushel. The 
segment of a circle, whose altitude is four inches 
and chord eleven inches and a quarter, bearing 
such proportion to the capacity of the retort, the 
diameter of which is about twelve inches. We 
are told by those who have the management of 
carbonizing in different manufactories, that when 
the six hours' process is adopted, the charge is 
from a bushel and a quarter to a bushel and a 
half. In such case the mass of coal is by no 
means sufficiently diminished so as to cause the 
process to be performed with advantage. When 
the retort is so charged and worked, the heat 
verging from all directions towards the centre, will 
meet with nearly the same obstacles to prevent 
s extrication of the gas gs if it had been fully 
iharged. 





With reelect to these shorter charges when 
worked off by cyliodrical retorts set od the oveo 
plan, the same argume&ts which have been al- 
ready advanced will hold good in laTonr of the 
eight hours' process, but with considerably more 
weight, inasmuch as the wear and tear of the re* 
tort will be proportionabiy greater. We may, 
therefore, from what has been said, draw this 
cODclusion, namely, that whenever cylindrical re- 
torts are used, let the mode of setting be what it 
may. the operator ought never to work off his 
charge in less than eight hour?, and that with such 
heat as would produce from one chaldron of New- 
castle coal (twenty-seren hundred weight) the 
average quantity of ten thousand cubic feet of gas. 

WTieo semicircular or elliptical retorts are used, 
either will admit of the charge being worked off in 
much less time than can be effected with cylin- 
drical oaes. For, in using the first, it would be 
advisable to introduce the coal into the retorts by 
means of sheet-iron trays nearly of their length 
and breadth, and about four or five inches deep. 
By having two sets of trays for the retorts in 
action, the time usually lost in charging would be 
greatly decreased, as would also the stoker's la- 
bour. By the mode most generally practised, the 
raking the ignited coke out of the retort is not 
only very laborious, l^^it also attended with much 
los8 of time — both which would be avoided by the 
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mude suggested : tor by using the trays, the spare 
ones might be charged with the proper quantity 
of coal preparatory to the time for drawing, and 
by that means almost the only time occupied in 
the operation would be that required for breaking 
the joints of the mouth-pieces and making them 
good again. 

Carbonization, when carried on by means of 
semicircular retorts, if properly set, has a decided 
preference over cylindrical ones : — for, as the great 
art of making gas to advantage depends upon ex- 
posing coal to the action of heat in thin strata, 
such kind of retorts arc particularly adapted to 
the purpose. They have, however, one disad- 
vantage which has not passed unnoticed. The 
action of the flame upon the angles at their base 
tends towards destroying them with consider- 
able rapidity. To guard against such destruction 
the angular part has been rounded ofl' so as to 
present an arc of a circle to the fire, instead of an 
acute angle, and such alteration was doubtless for 
the better. Were such retorts set on the plan of 
an air-furnace, in which every part of them could 
be regularly heated without directing the heat 
more forcibly against one particular part than 
another, they could hardly fail of answering a 
very desirable end to the manufacturer of coal- 
gas. From the numerous experiments made on 
the distillatory process, on the plan of submitting 
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the coal thereto Id thin strata, it can hardly be 
doubted but retorts of this description, if set with 
judgment, would remain serviceable from six to 
eight months, being charged every four hours night 
aad day with two bushels of coal each, and worked I 
at such heat as to produce from a chaldrun of coals 
the average quantity of thirteen thousand cubic 
feet of gas, with an increase of coke (particularly 
adapted for parlour fires as well as culinary pur- 
poses) of 40 per cent upon the quantity of coal 
carbonized ; consequently, that five retorts of this 
description would produce as much gas during 
the space of twenty-four hours as would require 
twelve cylindrical retorts to be worked at eight 
hours' charges with two bushels of coals to each 
every charge, or sixteen cylindrical retorts worked 
the same time with a bushel and a half of coals to 
each retort for one charge. 

As what has been said on the subject of car- 
bonization when carried on by means of semi- 
circular retorts is in almost all respects applicable 
thereto when square retorts are used, it therefore 
will not be necessary to take up the reader's time 
by speaking of it here. 

The next mode of carrying on the process of 
carbonization is by means of elliptical retorts, for 
which purpose it would be difficult to find a 
better. The elliptical retort combines in it the 
durability of the cylindrical one with the advan- 
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tages obtained by exposing the coal thinly to the 
action of heat upon a targe surface, and, therefore, 
when it is used, the process will be accomplished 
in about four hours. Upon retorts of this descrip- 
tion I have had opportunities of making observa- 
tions, the result of which leads me to pronounce 
such well adapted for promoting the interests of 
the manufacturer. Five elliptical retorts are ca- 
pable of carbonizing forty-five bushels of coals 
pe?- diem, and of generating from that quantity of 
coal about seventeen thousand cubic feet of gas, 
or at the rate of fourteen thousand cubic feet per 
chaldron. From one chaldron of coal, when ellip- 
tical retorts are used, will be produced a chaldron 
and a half of saleable coke. The elliptical retorts 
on which my observations were made, were set 
five to one fire, and so well was the heat disposed 
of, that from-one end to the other they remained, 
whilst in action, at a bright cherry redness ; being 
kept 80 night and day for more than ninety days, 
they were not much injured — from their appear- 
ance, there could be little doubt but they would 
remain serviceable nearly twelve months. They 
were charged and drawn in the usual way ; but, 
notwithstanding the charging and drawing was 
more frequent, the stokers found it more easy to 
work them than a like number of cylindrical re- 
, torts. Their shape allowed room to rake out the 
coke more rapidly than could be done from those 




176 



ON CARDONIZATION. 



of cylindrical form, and the coke not being so 
compact when produced in the eUiptical retort, 
required considerably less labour to clear it from 
thence. 

It would be no exaggeration to state the results, 
arising from the use of these retorts to bear similar 
proportions of advantage over the cylindrical ones 
to those stated when speaking of semicircular- 
shaped retorts at page 168 : — however, as I appre- 
hend more favourable results would arise to the 
manufacturer by charging elliptical retorts with a 
bushel and a half of coals to each, and working 
such charge off in four hours, I shall from such 
data make a calculation on the number of ellip- 
tical retorts necessary to be worked for producing 
857,667 cubic feet of gas in one week — the coal it 
would require for producing it. and for heating the 
retorts — with the products obtained — and, after 
having stated the annual cost for retorts and grate- 
bars, strike the balance between the most favour- 
able mode of working cylindrical retorts, so as to 
produce an equal quantity of gas with elliptical 
ones, and by retorts of the latter description. 
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ELLIPTICAL RETORTS. 

Distillatory Process : Fmir Hours. 
Report D. 







i. 
s 


COALS. 


G,VS. 1 


Day. 


Submlltca 
iDlha 

Procf.1. 


hratinit the 


Produced 


obuined 
'mm 1 Chil 
J,on of C»l, 




a? 

37 
35 

sa 

36 
36 
36 






Ch. 


flu. 


Cubic |-«L. 




Monday .. 
Tuesday .. 
Wednesday 

Thursday. . 
Friday 




6 
9 

B 





B 


7 
S6 

13 

4 

34 


■i 
3 
2 
3 
3 

2 


6 

30 




a? 


94,flB7 
128,597 
122,188 
131,176 

U7,696 
127,536 

125,487 


14,000 
14,000 
14,000 
14,000 
14,000 
14,000 
14,000 


Saturduj . . 










61 


B 


19 


97 


857,667 1 14.«00 | 



Expenditure, 

61 ch. 8 bu. B. and C. Wallsend 

coals, carbonized at 5\s. 6d. per 

chaldron, £l67 19 

19 ch. 97 bu. Hartley's coal, used for 

heating the retorts at 4Sj. per ch.,, 41 9 6" 

Total expenditure ■ . ^ 199 1 6 
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Product. 

Coke, 90 chaldrons, at 99s. per ch. . .' JC 99 O 

Breeze, 5 chaldnms, at 18i. perdu •• 4 10 

Tar, 3| tons, at 8/. per ton 98 O 

Ammoniacal liquor, 1,900 gallons, at 

Sif. per gallon 15 O 

Gas, 857,667 cubic feet, at 15^. 

pelPth 643 6 

Total, for products ^6789 15 
To woric the number of retorts 
stated to be in action in report B, it 
required ten stokers by day and ten * 
by night; but to work the number 
specified in report D, it would re- 
quire but five day and five night 
stokers; consequently there would, 
in the latter case, be ten less in pay ; 
these, at 36s. each per week 18 O 

This sum being in reality a saving, 
arising to the manufacturer by work- 
ing elliptical retorts, it must be added 
to the products, as above stated; and 

we shall then have .£807 15 

as the total for products obtained at a cost for 
coal of 199/. \s. 6d., as stated in the preceding 
page. 
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Now, if from the products per report B, 

^6851 7 
we take 807 15 the products per report D, 



'^t?5?'i^ *3 19 which, being subtracted 
ence is ) > e» 

from the difference between the expenditure as 

specified in the reports alluded to, 

thus, report B. £965 16 9^ 

„ D, 199 1 6 



Difference £ 66 is 3| 
less 43 19 



leaves <£33 3 S^ as aba- 
lance in favour of working elliptical retorts at 
four hours' charges for one week, and producing a 
like quantity of gas as had been produced by 
■working cylindrical retorts at eight hours' charges, 
or at the rate of £l,\35 I 3^ per annum on 
coals, products and labour. 

At page 162, the annual expense of cylindrical 
retorts, when worked at eight hours' charges, 
together with the wear and tear of grate-bars, is 
stated to be, when worked so as to produce 
44,598,684 cubic feet of gas, 5,360/. It has been 
already stated, that when elliptical retorts are 
used as above specified, one retort will remain in 
a sound working state about twelve months; if. 
therefore, we calculate the expense of elliptical 




retorts with their appendages for one year, nkl 
compare the various results together, we shaU 
find bow far they are advantageous. — 

By using elliptical retortsworked 
at the four hours' process, it would 
require about forty retorts to be 
kept coostantiy at work to pro- 
duce 857,667 cubic feet of gas per 
week — such retorts so worked 
would remain ser^'iceable twelve 
months, consequently there would 
be but forty burnt out in a year — 
the cost of replacing each being 
18/., amounts to £ 720 

Wear and tear of grate-bars. .. . CO o 

£ 7S0 



Expense of cylindrical retorts, 
i§^., for one year, when worked at 
the eighthours' process, so as to ob- 
tain 44,598,684 cubic feet of gas, is.£9,360 

Elliptical retorts as above 780 



Bulaace in fawur .of the eJlip- 

t^Cal.retortB .,..4Jl.5Sp p 



■ Annual balance in fiivour :*f-''-'J''J^ iUnxiXa 
woriting ellipt^oai retorts as rtbov^^ j/od£ wbaau 
Ueseribetl mer oylindricat onefr ^iiiow bouos s 
sight hours' charges, as far aa'pfca 'jw .aiolsisili 





leaves £Q3 3 3^ as a 1: 
lance in favour of working elliptical retorts at 
four hours' charges for one week, and producing a 
like quantity of g;as as had been produced by 
working cylindrical retorts at eight hours' charges, 
or at the rate of ^ 1,135 I 3 J per annum on 
coals, products and labour. 

At page 162, the annual expense of cylindrical 
retorts, when worked at eight hours' charges, 
together with the wear and tear of grate-bars, is 
stated to be, when worked so as to produce 
♦4,598,684 cubic feet of gas, 3,360/. It has been 
already stated, that when elliptical retorts are 
used as above specified, one retort will remain in 
a sound working state about twelve months; if, 
therefore, we calculate the expense of elliptical 
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By the term " Hydraulic Main," as used in gas- 
light establishments, is understood that cast-iron 
pipe which is supported by columns in front of the 
brick-work enclosing the retorts. It is so situated 
as to lay parallel to the top of that brick-work at 
a distance of from twenty inches to two feet from 
it. Its use is to receive the " Dip Pipes," through 
which the gas, as it is evolved from the retort, 
passes, together with the other products, on its 
way to the condensing main, or to the vessel em- 
ployed for condensation, as the case may be. The 
diameter of the hydraulic main is various in differ- 
ent establishments ; in some it is ten inches, in 
others twelve or fourteen. In works where not 
more than from forty to sixty cylindrical retorts, 
six feet and a half long and one in diameter, are 
set in one retort-house, a diameter of twelve inches 
will be sufficient. 

It is generally constructed of flanch pipes in 
lengths of nine feet each. One end of it is closed 
by a blank flanch so as to be perfectly air-tight, 
the other has a semi-flanch placed across it of suf- 
ficient height to prevent the Hquid introduced into 




HYDRAULIC MAIN AN'D DIP PIPES. 

the main from sinking below a certain level: — it 
ie of advantage that similar semitlanches be placed 
between every length of pipe forming the hy- 
draulic main. These flanches should rise two 
inches and a half above the line of the bottom of 
the dip-pipes ; by such means the gas as it is dis- 
charged from the retort will always have to pass 
.through such depth of fluid, before it can enter 
into the hydraulic main. 

' The use of the hydraulic main, as has been 
already stated, being for receiving the dip-pipes, 
we are to consider what end they may be in- 
tended to answer. 

A section of the hydraulic main, with the most 
.approved dip-pipe, is given in Plale V. Fig. 2. The 
Vdip-pipe is about two feet in length and three 
inches diameter inside — at the top is a socket for 
receiving another pipe of the same diameter. At 
about eight inches from the spicket-end of the 
dip-pipe is a circular saddle of about nine inches 
diameter, cast to the radius of the exterior surface 
of the hydraulic main. This main being tapped 
for the reception of such a number of dip-pipes as 
ithere are retorts to work into it, they are jointed 
^pon it by means of iron cement in the usual 
;way : when that is done, it is evident that the 
-range of the spicket-end of these pipes will equally 
-descend, and, of course, supposing the hydrauUc 
main to be placed perfectly level, which it always 
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ought to be, should one of them be immersed two 
inches and a half in aay liquid that it may contain, 
each one of the range will be so. 

Now, when it is considered that if there were 
not some contrivance for preventing the gas re- 
laming from the main pipes towards the retorts, 
•when the mouth-pieces arc removed in the ope- 
tation of drawing, either by stup-cocks on each 
of the " gas conductors," or otlier means, the 
process would not only be very wasteful, but ex- 
tremely hazardous ; for, as the gas would be 
passing over by means of the conducting pipes to 
Ihe hydraulic main, in a range of sixty retorts, 
■from fifty-two of them, whilst eight were drawing, 
•it would follow that the whole quantity of gas 
then generating would escape at the mouths of 
'the retorts that bad their lids taken otf, and burst 
forth with such a flame as no one could come 
near; if not attended with still more serious con- 
sequences by the admission of atmospheric air 
which might cause the most violent explosion. 

The necessity of means being adopted for pre- 
venting such things ha])pening is obvious ; and a 
more simple, and at the same time safe, method 
than tliat of the hydraulic main and dip pipes 
could hardly have been thought of; for, had 
stop-cocks been used, they would have been at- 
tended with considerable trouble and always 
liable to get out of order ; so much so that ko 
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dependence could be placed upon tbem ; for, 
the tar and ammoniacal salts would, in a f«w 
J days, so clog the plugs as to render Ihein im- 
I noveable. 

It must be clear to every reader, that unless 
' the pressure upon the hydraulic main from the 
purifying vessel be greater than the distance be- 
tween the bend of the H pipe, and the spicketend 
of the dip pipe in the hydraulic main, the gas, 
after having once entered that main, cannot be 
forced back to the retort. 

In mentioning the pressure from the purifying 
vessel, it is to be understood, that whatever depth 
[ pf lime in solution the gas, after entering it, has 
to rise through before it can esciipe to the gas- 
holder, is considered to be the pressure at which 
it is worked. Thus, for instance, the most usual 
depth of the purifying mixture throiigh which the 
gas bubbles up in the process of purification being 
ten inches, the purifying vessel is said to be 
worked at ten inches' pressure. The length of 
tlie dip pipe has been stated at two feet : from 
[ the top of it to the centre of the bend part of the 
[H pipe, may be stated at six or eight inches 
Lmore, making altogether about two feet aad a 
Thalf; consequently, before the pressure in the 
[ lime vessel can be of sufficient power to force 
back, the gas from the hydraulic main through the 
r conducting pipes to the retorts undergoing the 
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operation of drawing, it would require to be three 
times greater than what the vessel is usually 
worked at. 

But, as there is a possibility, when the purify- 
ing vessel is ill constructed, of its being choked 
tip, there should be some contrivance for indi- 
cating to the workmen when such was the case, 
or when the pressure there was so considerably in- 
creasing as to endanger the safety of the retorts; 
and this might be done by fixing a pressure gauge 
iu such situation as could always be consulted, or 
by means of a small bell so connected as to ring 
and give the alarm. 

The main, of which I have been speaking, with 
the dip pipes, form a series of hydraulic joints, 
than which, in the manufacture of so elastic a 
fluid as coal-gas, nothing could be so wel! adapted, 
— nothing could be so safe. 

It is of considerable importance that this main 
should be constructed of pipes of the best quality; 
that the joints should be sound, and the work 
altogether well turned out of hand. Previously to 
its being brought into action, it may be filled to 
the height at which it is proposed to be worked 
with any fluid : water will answer as well as any 
thing else ; for, should that be put into the main, 
before the retorts have been long worked it will 
have been forced over the semifianch by the tar and 
amraoniacal liquor which have passed orer in the 
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'distillatory process. The specific gravity of each 
being greater than water, they will, of course, 
:cupy its place, forcing it over the semifianch to 

reservoir for condensible products. 
Accidents have been heard of, occasioned by 
16 gas in the hydraulic main exploding and forcing 
le glans from the top of the pipes perpendicular 
thereto {usually called the H pipe, from its simi- 
larity to that Roman letter), but such accidents 
must have arisen from great carelessness on tlie 
part of the operator, or from the clogging up of 
the purifying vessel ; for, by attending to tlie 
^observations made, as to the situation of the hy- 
praulic main and the manner of putting it up, no 
Itccident could possibly happen. 

It is a very erroneous principle which has in- 
duced some constructors of retort furnaces and 
their appendages, of which the hydraulic main is 
one, to place that nearer to the mouths of the 
retorts than we have described ; by its being so, 
the gas-conductors being more contiguous to the 
.heat of the furnace, so heat the tar on its way to 
|_lhe hydraulic main as to form it into pitch before 
kit can get there. The consequences resulting 
•therefrom are, that the glans of the H pipe require 
ito be removed, the joint of the retort lid broken, 
a loss of all the gas that is generating from that 
retort till a man has been able, by pushing an 
iron bar down the gas-conductor, to clear the 
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passage^ and afterwards to make the joint g^ood 
between the glan and pipe. Owing to the gas- 
conductors being of small diameter in the early 
stages of this new brunch of science^ their choak- 
ing up was very frequent, and where there were 
forty retorts in action it was not uncommon to 
notice almost as many pipes to qlear in the course 
of twenty- four hours. These pipes were not 
more than bare two inches diameter inside, till 
Mr. Malam, on introducing his elliptical retorts, 
increased it to three inches. His pipes were 
made very slight, not brought so near to the fire- 
work, and, being of greater diameter, they were 
not once choked up. The action of the air on 
their exterior keeping them so cool as to prevent 
the tar from adhering to their sides as when 
smaller ones were used. It condensed, and, re- 
turning to the retort was there decomposed ; 
afterwards it went over with the gaseous pro- 
ducts, by which the proportion of gas obtained 
from a chaldron of coals was increased. In short, 
by increasing the diameter of the pipes alluded 
to, which are but ramifications from the dip pipes, 
their choaking up was avoided; and consequently 
the gas, instead of being frequently wasted, was 
increased in quantity, and the expense attending 
the labour of clearing them avoided. 
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Coiidensatk 

1 HE gas, when evolved, being mixed with lar 
»nd ammoniacal fluid, in a state of vapour, which 
pass over with it from the retort to the hydrauhc 
main, it becomes necessary that.Aj much as poxsihte, 
these two products should be condensed and 
lodged in the proper receptacle before the gas 
reaches the purifying vessel. In order that this 
condensation may be property effected, the pro- 
ducts generated should he exposed to a large 
surface of some cold body on their passage to the 
purifier ; by this means the tar and ammoniacal 
liquor are separated in a great measure from the 
gas, and, being of so much greater density, fall 
to the bottom of the pipes, and drain from thence 
to the vessels appropriated fur their reception. 
The gas is also cooled and made much more fit 
for the lime to act upon than if it were brought 
directly from the hydraulic main to the lime 
vessel in a hot state; for, whenever it is so it is 
impregnated with the tar and oleaginous particles 
which very soon render the purifying mixture 
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useless. The consequence following is, tbat a 
much greater portion of lime will be required for 
the purifying process, or otherwise that the gas will 
pass through the lime vessel into the gas-holder 
without being acted upon. The use of impure 
gas ought, on all occasions, to be avoided, for 
whenever it is used, it is almost impossible to 
obtain a good light ; when it is submitted to 
combustion it is smoky, and emits a disagreeable 
odour; the plugs of the stop-cocks on the fittings 
in houses become choaked up with tar, which, . 
however surprising the case may be, has been 
fouud in situations at a mile and a half distant 
from the manufactory, after having passed through 
various pipes of diflerent sizes aud at different 
levels. 

The great preventive against receiving impure 
gas into the gas-holder, depends almost as much 
upon a proper condensation having been effected 
before it reaches the purifying vessel, as upon 
the process of puri6cation which is then accom- 
plished ; for whenever gas is purified by lime in 
solution, or as a semi-fluid, it becomes a matter 
of the highest importance that it should be de- 
prived of the tar, oils, and ammonia, which were 
generated at the same time with it before it 
enters that vessel. Even where other methods 
are adopted for the purification of gas, whether it 
be by passing it through red hot tubes., iuta 




■which clippiii;Ts of sheet-iron are introduced, or 
by dry Hme, i^r., the same reasoning will hold 
good; and it may he considered as a genera! 
rule, which the manufacturer ought ever to ob- 
fierve, let the mode he adopts for purification be 
•what it may, never to submit his gas to the puri- 
fying process till it has been well condensed. 

Experience having taught the manufacturer the 
necessity of attending to the subject of condea- 
Bation, he, of course, adopted such means as he 
considered most advisable for accomplishing it. 
In some manufactories it was thought that tlie gas 
would be sufficiently condensed from its being 
conveyed from the hydraulic main by a pipe laid 
in a direct line from the retort-house to the puri- 
fier — in others, the gas was conveyed to the lirae- 
vessel through a worm-pipe placed in the tank 
of the gas-holder — and again, in others, by a range 
pf pipes laid parallel to each other at a consider- 
able depth, and with a certain declivity from one 
end of the works to the other ; — whilst some, in 
addition to these contrivances, proposed a tank, 
into which the range of pipes, as last specified, 
should convey the gas at the bottom, and by 
means of a contrivance something similar to the 
ehower-batli, have it washed there before it could 
make its exit towards the purifier. Most, if not 
all, of these modes, have been tried by different 
operators, and have been found more or less 
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effective. The first could hardly be expected to 
answer, unless llie distance from the retort-house 
to the purifying vessel had been much greater 
than is generally the case — the others, being on 
similar principles, produced results proportionally 
analogous to the length aud temperature of the 
main through which the gas was conveyed. But 
all of them were expensive, and attended by in- 
conveniences which it became the province of the 
experienced mechanist to avoid. By any of the 
methods spoken of. one very great evil was likely 
to happen, namely, the choking up of the condens- 
ingmain, and more particularly so when the works 
were extensive and its diameter of inadequate 
size, which might be the case when the condenser 
had been laid down without taking into calcu- 
lation the particular extent to which it was pos- 
sible the works were likely to be carried — such 
circumstance, when the science was in its infancy, 
could attach blame to no one; but now, when the 
mode of obtaining light from coal-gas has become 
so general, the managers of establishments know 
what lights they will have to furnish before they 
begin to erect their apparatus, and will therefore, 
in consequence, guard against it by making their 
condensing main of so sufficient a capacity as 
almost to preclude a possibility of accident. 
Should the condensing main, however, become 
choked, the most serious consequences might 




TH;-: :^ 

Foe..., 



' VAX K 



A8T0R, ir.fiCX kftO 
TILOEH fO0>^DATlON«. 




]•• 




• •] 


1* • 




• *\ 


H* • 






!• • 




• •• 


• • 






^•m 




• •'' 


\* • 






>• 




L^-ir-J 



/,-a-ui*i^irf^.-->irta-wrf>.>i/r-^,A, 




ON CONUKNSATIOS. 

ensue ; for, whenever it was so, the pressure upon 
the hydraulic main would accumulate to an alarm- 
ing de^ee, and, in .short, so as to force the fluid 
it contained over the II pipes towards the retorts, 
and endanger the whole of them, Unless their 
safety was effected by rcmoring the lids from the 
mouth-pieces ; an operation which, under such 
circumstances, it would be no easy matter to 
perform. The great objections against condensing 
mains are their being laid down at an enonnous 
expense, and failing to perform the process of 
condensation equally with other methods carried 
into eiFect at one-third of the expense and per- 
fectly safe iu their operation. 

The first deviation from the beaten track m^s 
by* proposing a vessel made of cast-iron, with a 
bottom divided into square compartments of about 
twelve inches deep by as many square — over this 
part of the vessel was placed a covering of the 
same metal, with two holes tapped into it over 
every square, save the first in the series, where the 
gas was introduced into it, and the lastfrom whence 
it made its exit, each of which had but one. Over 
these holes were brought cast-iron flanch-pipes 
bolted down to the bottom, and the one which had 
been jointed over the first hole in ihe series was 
connected to the pipe over the first hole in the 

• Mr. Jolm Perks obtained b |>uleiit for h cgiidensitig vrssel 
of th» ttescriiHion, irh Au^uM, \en. 
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second square by means of a semicircular flanch 
bend. The second pipe in that square was con- 
nected in the same way to the first pipe la the 
third square, and so on from square to square till 
brought to that from whence the gas was to make 
its exit from the vessel. Supposing, therefore, 
the vessel to be twelve feet deep and eighteen feet 
square, and fitted with pipes as above described, 
the gas would in that small vessel have to travel 
through a space of 7,700 feet before it left it. 
Now, as when the vessel was brought into action, 
it would be filled with water — the pipes rising in 
it would be kept constantly cool, and the con- 
densible products would fall into the square 
recesses at the bottom, from whence, by a con- 
trivance of the inventor, they were conveyed to 
the proper receivers. 

The next was invented about the same time by 
Mr. Malam, of whom I have had occasion to speak 
before. It is also a square cast-iron vessel, about 
nine feet long, five wide, and four deep. Into this 
vessel are introduced plates at the distance of from 
six to eight inches from each other, with raised 
edges of about three inches in height ; these are 
bolted to the sides of the vessel, and are perfectly 
parallel to each other ; they are in length about 
eight feet six inches, so that being secured to the 
sides of the vessel and one end of it, the other end 
will be at the distance of about six inches from 
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that end of the vessel to which it is contiguous. 
The lowermost of these plates being connected to 
one eod of the vessel, the next plate above it will 
be connected at the end opposite thereto — the 
third plate the same as the tirst — the fourth as the 
second, and so on alternately till all the plates are 
fixed. This being done preparatory to bringing 
the condensing vessel into action, water is intro- 
duced at the top, which filling the uppermost shelf 
to the height which the projecting part of it allows, 
it runs over and fills the second, from thence the 
third is filled, and so on till the whole range are 
BO. From considering this matter, it is evident 
that if the entrance pipe be at the bottom of the 
vessel to the right, should gas be introduced there 
by means of it, it will pass over a sheet of water 
equal to the area of the lower shelf, and as the 
next shelf above approaches no nearer than six 
inches to the end towards the left, it will by that 
opening rise above it and pass towards the right, 
where it will find an opening from the third shelf, 
and so it will pass alternately to right and left till 
it reaches the exit-pipe placed at the top of the 
vessel. The condensible products are carried 
from the respective shelves by means of small 
bends projecting from one end of this vessel ; but 
as I am of opinion it will be likely to answer the 
purpose of the manufacturer both as relates to its 
first cost, durability, and action, I shall describe a 
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vessel of this kind capable of pcrfor 



condensin 

iDg what is required where about 100,000 cubic 

feet of gas is generated daily. 

The condenser we have jusl described is that 
which Mr. Malani first proposed for answering the 
purpose of coiidensalioii ; but, as he has since 
' made several alterations in tliat vessel, and we 
trust the description alluded to is so clear to every 
reader as not to require elucidation by drawings, 
we shall proceed to describe his improved cun- 
densing vessel as exhibited in PlaleV. — ABCD, 
JF^gure 1, is a longitudinal section of this con- 
denser. The vessel is a paraUelopipedon made 
of cast-iron plates, supported upon a bed of brick- 
work. At about one foot from the bottom is a 
range of plates, aaaa, togetherof the same dimen- 
sions therewith, which are jointed to the side of 
the vessel. Upon these stand a row of plates of 
the same material, one of which is shewn as at E. 
Their bases occupy such situation as is expressed 
in the plan ABCD. Figure 2. In that plan the 
pipe which conveys the gas into the condenser is 
shewn at E: having there entered, it passes be- 
tween the upright i»lates in the direction of the 
arrows till it reaches the exit-pipe F, and that 
pipe leads to the purifying apparatus. It is to be 
noticed that these upright plates do not rise to the 
top of the condenser — there is a space of about six 
inches left between it and the- plate which fits 





over them. The entrance aud exit-pipes E and 
F are placed about a foot from the top of the 
vessel, as shewn in the transverse section Figure 
3. The range of cast-iron plates, aaaa, which we 
have already had occasion to mention, do not He 
iperfectly horizontal, but with a small declivity to 
Ihe right, by which arrangement the condensible 
matter drains towards the openings a be, Figurt% 
and thence by the pipe a. Figure I, and o Ac, 
Figure 3, is discharged into the receptacle E, 
which runs across the vessel, and is fiJIed with 
water for the pipes to dip in, and form an hydraulic 
joint. It follows, therefore, that as the conden- 
sible products accumulate, they overflow the 
partition which forms the part F, and run into the 
chamber G, from whence, when it is necessary, 
tliey are drawn off by the cock H, Figures 1 and 2. 

ABCD, Figure 2, is a plan of this condenser, 
the arrangement of which is already described; 
und Figure 3 is a transverse section of the same 
vessel. 

Plate VI. Exhibits different sections of the con- 
'.deiiser. for which Mr. Perks obtained a patent. 
r Figure 1 is a plan of the top, shewing the situ- 
ation of the bend-pipes, S^x: 

V Figure 2 is a plan of the under side of the plate 
■on which the upright pipes arc supported, shew- 
ing the openings into the lower chuinbers, and the 
<ipositioa of the upright partitious. 
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Figure 3 is a side *iew (in elevation) of i 
Kssel. the side plates being supposed to be re- 
moved. The pipe and bend beneath are for car- 
rying off the condensations. The dotted line 
shews the height at which the fluid will be con- 
stantly kept in the vessel. An opening is made, 
or left at the bottom of each partition, which 
allows the condensed matter to flow from one to 
another, and to be carried off by the pipe. 

Figure 4 is an end view of the vessel (in eleva- 
tion) the plate being supposed to be removed. 

In considering the merits of either of these 
vessels, the most striking are the facility with 
which any obstruction to thetr operation may be 
removed, and the very efficient means they afford 
for answering the purpose of the manufacturer, as 
far as relates to the gas generated being well con- 
densed before it is brought to the purifving ap- 
paratus. We have already stated the distance 
which the gas would have to travel in passing 
through a condenser constructed on Mr. Perks's 
principle ; and, when we consider that the pipes 
therein are always surrounded by cold water, we 
can hardly doubt of its effect. lu his vessel the 
bends at the tup are easily removed in the event 
of any obstruction presenting itself, and by forcing 
down each of the pipes a rod for the purpose, the 
passage is cleared. As there is a sufficient open- 
ing left at the bottom of each of the partitions w 
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the lower vessel, the obstnicting matter can be 
withdrawn from thence. In Mr. Malam's con- 
denser the top can be removed, and after it is so, 
the cast-iron plate which rests upon the upright 
I ones can be withdrawn also : so that tlie operator 
thas it in his power by drawing an instniment 
tmade for the purpose between the plates (for the 
passage of the gas) to clear them out and to open 
the holes through which the condensations de- 
scend into the lower chamber. It would appear 
that Mr. Malam, in the construction of his latter 
vessel as well as the former, had considered when 
gas passes through circular pipes, that which is 
near the centre would be little, if at all, Jicted 
upon by the cold medium surrounding themj and 
he has, therefore, compensated for that defect 
by causing the gas to present itself in such thin 
sheets as cannot fail to be affected by the coldness 
of the adjoining surfaces ; thus giving a greater 
probability to the condensation being well per- 
, formed. 





On the Situation and Construction of Tenth for rt(eiving 
the Tar and Ammoniacal Liquor, with the Description of 
a Contrivance for akemng the exart Quantity of eack 
Product from a given Quantity of Coal. 

As every chaldron of coal when submitted to 
distillation in close vessels, for the purpqae of col- 
lecting the gas evolved and its other products, 
produces from 1^ to 1^ cwt. of tar, and from 
fifteen to eighteen gallons, ale measure", of am- 
moniacal liquor, it becomes necessary that they 
should be received into some vessel, after being 
deposited in the hydraulic main ; for otherwise 
they would fill the line of pipes between that main 
and the purifying vessel, and consequently stop the 
process. To prevent this, a small cast-iron pipe 
of two or three inches diameter is sometimes con- 
nected to one end of the hydraulic main, distinct 
from that connexion which leads to the purifying 
apparatus, from whence it falls with a gentle de- 
clivity to the vessel appropriated for receiving the 
condensible products. This vessel is called " the 
tar cistern." 
The tar cistern should be erected at the greatest 
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distance from the hydraulic main that the works 
will allow, in order that the condensation may be 
properly effected before the tar and ammoniacal 
liquor are allowed to enter into it. In most cases 
tbe tar-cietem is bo situated as not to receive the 
tar and ammoniacal liquor till they have passed 
through the whole range of condensing main, or 
through the vessel for condensation. Under this 
arrangement there is but one connexion to the 
hydraulic main, instead of two, which conveys 
away from it all the products evolved, and all 
pass together to be condensed ; after which pro- 
cess the arrangement of pipes is such as to allow 
the gas to enter the purifier and to carry the tar 
and ammoniacal liquor to the tar-cistern. In this 
case the tar-cistern miiet be situated below the 
level of the purifying vessel ; for if it is not so, the 
tar and ammoniacal fluid will be carried into it. 
As in another Chapter the laying of main pipes 
and the manner of making various kinds of joints 
and connexions will be fully treated of, the reader 
is referred thereto for information on the subject 
of arranging pipes for the purpose; and, after 
carefully perusing what is there said, he cannot 
be at a loss how to proceed. 

The vessel for receiving the condensible pro- 
ducts may be of any convenient shape and con- 
structed of cast-iron or wood. In either case it 
ought to be closed at the lop (except a very small 
u 2 
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aperture) bo as to prevent the ammoniacal liquor 
from losing its strength by exposure to the air. 

When the tar-cistern is so situated as to re- 
ceive the tar from the hydraulic main without 
allowing it to pass through the condenser, it is 
generally placed upon brick piers, so as to stand 
about thirty inches frora the ground, and to admit 
of casks being brought under the cock near the 
bottom for drawing off the tar. It must be 
furnished with two or more cocks, so that the 
upper ones may be used for drawing off the am- 
moniacal liquor : this fluid being specifically 
lighter than the tar, floats at the top of it : how- 
ever, we are informed that the tar produced from 
some of the species of cannel-coal is lighter than 
the ammoniacal liquor. Which ever way this is, 
the same arrangement must be attended to ; for, 
as both these products are lodged in the same 
vessel, it is in that the heavier subsides and can 
be drawn off without being mixed with the lighter, 
or vice versil. 

To prevent the gas from entering into, or 
escaping through, the tar-cistern, the pipe which 
brings in the tar descends fi-om the hydraulic 
main towards the top of it, and thence to nearly 
the bottom inside the vessel ; it is furnished with 
a flanch, by which it is bolted to the top. This 
pipe is surrounded by another of about two or 
three inches greater diameter jointed to the 
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bottom which rises nearly to the top of thr vessel. 
When the distillatory process commences the tar 
find ammoniacal liquor drain down the inner pipe, 
and, having filled the surrounding one, the upper 
edge of which being considerably below the bend 
outside the top of the vessel, the pressure forces 
the products over and continues so to do till the 
process is ended. 

The arrangements, as far as relate to conveying 
the tar into the cistern, and for preventing the 
gas escaping through it, when it is situated below 
the level of the purifier, is nearly similar to what 
we have just mentioned ; but, as the vessel will 
then be sunk into the ground, it must, when full, 
be emptied by means of pumps. 

It being necessary that the gas-light manu- 
facturer should ascertain the quantities of the 
respective products obtained from coal at all 
times, for the purpose of keeping systematic and 
correct accounts, and more particularly when 
making his experiments in the large way upon 
different species of that article, the question 
presenting itself is this; As the tar and ammo- 
niacal liquor are both received into one vessel, in 
what way may the exact quantity of each pro- 
duced be ascertained without drawing it off? 
". In the course of my practice, having had to 
«port the exact quantity of each produced daily 
from various kinds of coal, I found the trouble 
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and inconvenience which attended the drawing 
off of these products greater than could be 
effected without mure expenses for casks and 
labour than the products in that stage of the 
business were worth. Indeed, when it was ab- 
solutely necessary to adopt such plan, the truth 
could seldom be obtained unless it was attended 
to with greater care and attention than is gene- 
rally to be found amongst the lower class of 
labourers to whom the drawing off of the tar and 
amraoniacal Uquor is generally intrusted. 

To any one at all acquainted with the practice 
of manufacturing cnal-gas, many objections will 
present themselves to the adoption of such mode. 
Amongst many others are the following; namely, 
The necessity of stopping the process of gene- 
rating gas whilst the tar and ammoniacal liquor 
are drawing off: the time thereby lost: the 
"waste of fuel for keeping the retorts heated so as 
to be ready for charging when the cistern is 
emptied : and the impossibiUty, after all, of draw- 
ing the products off separately, owing to their 
not being allowed sufficient time for subsiding. 

To remedy the evils, and to obtain a correct 
account of these products I constructed a table 
for shewing the exact oomber of ale gallons ooor 
taiaed in the tar-cistern at every inch dap; the 
application of which shall be shewn ftfter de< 
scribing the apparatus attached to the dstern. ' 
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Considering that the specific gravitiee of tar 
Vid ammoniacal liquor were different, and that a 
fcody which would sink in the latter would swim 
upon the surface of the former, I proposed that 
two floats should be made and attached to rods 
for shewing the respective heights to which each 
product rose in the cistern. 

A B C D, Fig. I, Piaie VII, is a section of the 
tar- cistern. 

a b, surface of the tar. 

cd, surface of the ammoniacal liquor. 

E, a float of sound dry oak, twelve inches 
square and three inches thick (the specific gravity 
crf which being greater than that of ammoniacal 
liquor will displace its bulk of that liquor and 
l^st upon the surface of the tar), to which is fixed 
(G) a small rod of round iron with a light index 
at the top for pointing out the height of the tar in 
the cistern against the graduated rod I. 

F, a float of cork swimming on the surface of 
the ammoniacal liquor, fitted with a rod H, and 
an index for shewing on the graduated rod K the 
number of feet and inches the surface of that fluid 
is distant from the bottom of the cistern. 

The difference between the heights, as pointed 
out by the indexes on the graduated rods I and K, 
is the feet and inches of ammoniacal liquor in the 
vessel. 

eaadyare two raised openings on the upper 
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plate of the vessel of about five or six inches in 
height, through which the rods G and H slide up 
and down. By this contrivance they are steadied 
and always kept in a vertical position. 

This description of apparatus will answer for 
any tar-cistern; but as that vessel may be of dif- 
ferent dimensions in different establishments, the 
table for use must be calculated accordingly. 

Application of the Table. 
Example. 

The index of the rod G pointing to two feet 
six inches on the graduated rod I, required the 
number of gallons of tar answering thereto ? 

Look for two feet in the side column, and 
run your eye along the line till you come under 
six inches in the top one ; you will there find 
3,080 the nmnber of gallons sought. 

To Jind the Gallons of ammoniacal Liquor. 

Subtract the height pointed out by the rod G 
from that shewn by the rod H, and with the re- 
mainder enter the table as above directed; and 
you will lind what number of gallons of ammo- 
niacal liquor are in the cietern. 

Example. 
The rod G stands at two feel six inches, the 
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rod H at four feet; what number of gallons of 
ammoniacal liquor are there in the cistern ? 

Ft. In. Ft. In Fu In. 

4 : — 2 : 6 = 1 : 6, opposite to which in the 
table you will find 1,848, and such number of 
gallons of ammoniacal liquor is in it. 
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During the process of decomposing coals in 
close vessels, it is found, that, on their being 
heated to a certain degree, a part of the carbon 
of which they are formed unites with part of the 
oxygen and produces carbonic acid; this, by 
means of caloric, is formed into carbonic acid gas. 
Whilst this process is going on, a part of the 
hydrogen of the coal is combined with another 
portion of carbon and caloric which fonns car- 
burelted hydrogen gas. Olifiant gas, carbonic 
oxide, hydrogen and sulphuretted hydrogen are 
also produced. According as the component 
parts of the coal submitted to distillation varies, 
BO will the quantities of these products vary also. 
When the gas produced from coal is burnt with- 
out being purified (^that is, deprived of the sul- 
phuretted hydrogen and carbonic acid gas which 
it contains) or if it be not properly purified, it 
throws out sparks and produces a sulphureous 
acid, owing to the oxygen of the air uniting with 
the sulphur burnt with the gaa. Such gas sends 





forth a suffocating odour that is not only highly 
offensi^'B but injurious to health. Its levity 
carries it to the uppermost part of the room, 
where it is burnt, and there it is easily perceived. 
It tarnishes all metallic substances, and discolours 
paintings wherever metallic oxides may have been 
used in their execution. 

The general way of freeing it from sulphuretted 
hydrogen and carbonic acid, and rendering it fit 
for use, hitherto adopted, has been by passing it 
througii a solution of lime and water of the con- 
sistence of cream. It may also be purified by 
passing it through very dilute solutions of sub- 
acetate of lead, green sulphate of iron, or hyper- 
oxymuriate of lime. 

For the purification of coal-gas, when it is 
manufactured in the large way, various methods 
have been adopted. The following are those 
most noticed : — 

1st, By passing it through lime in solution, 
2d, By allowing it to be acted upon by Hme in ' 
a semi-fluid state, 

3d, By pressing it throagh dry lime, and 
4th, By passing it through red hot tubes intb 
which are introduced clippings of iron. 

The purificatJoDof coal-^as seems to have been 
-first effected by passing it through lime in solu- 
tion. This was done by means of a cast-iroh 
B^iaw or oyhndrioal vessel enclosing another 
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vessel of the same shape, but of smaller dimen- 
sions, which was secured to the lop of the outer 
one in such manner as to be perfectly air-tight. 
The inner vessel had no bottom, and the sides of 
it, to the height of about six inches from tlie lower 
edge, were drilled full of holes. 

When the purifier was of a circular shape an 
upright shaft stepped in the centre at the bottom 
of the vessel and was brought through a stuffing- 
box at the top. At the head of the shaft was 
fixed a horizontal bevel-wheel to be driven by a 
pinion on one end of the axis, to which the winch 
to be turned by hand was applied at the other. 
The speed at which the upright shaft was driven 
was about ten revolutions in a minute. The 
lower extremity of the upright shaft, at the dis- 
tance of four or five inches from the bottom, was 
fitted witli four or more vanes, each of which was 
in length about three inches less than the semi- 
diameter of the outer vessel, and in breadth about 
four inches. Their use was to stir up the lime 
and keep it from subsiding. This was effected 
by the action of the winch, which gave motion to 
the pinion, and, consequently, to the shaft on 
which the vanes (or, as the gas-light manufac- 
turer terms them, the agitators) were fitted. 

In using this kind of purifier, it is necessary 
there should be a vessel of sufficient capacity for 
mixing the lime and water for one charge, situated 
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Ma height that will allow it to be turned, by means 
of a cock or valve, into the purifier, whenever it is 
necessary to charge it. And this vessel must be 
fitted with agitators similar to those of the purifier, 
8o that the mixture may be properly effected before 
h. is allowed to enter into the purifying vessel. 
The entrance of the mixture into the purifier is 
accomplished by means of a small vessel attached 
to the outside of it, the top thereof rising to the 
height to which it is desired the mixture should 
rise inside. Between this vessel and the purifier 
is a slide valve, opened for the purpose of charging, 
but kept shut when the purifier is in action. 

Having mentioned the manner of charging and 
discharging the purifying vessel, we are next to 
consider how the gas is brought into it, acted 
vpon whilst there, and allowed to pass from thence 
into the gas-holder. In Chapter X, " on the con- 
densing main and various methods of condensa- 
tion," is described how the gas passes from the 
retorts to that part of the apparatus and from 
thence to the purifier. From the condenser it is 
brought, by means of cast-iron pipes, through the 
top of the purifying vessel into the interior 
chamber, which we have described. And as, 
when this vessel is charged, the piirifyiug mixture 
ascends about eleven inches above the lower 
«dge of the interior vessel, it is evident that the 
gas will accumulate therein till the capacity be- 




206 



ON PUIlinCATiaN. 



comes too small Ibr its biilk, which, continuall^r 
increasing, forces its way beneath the inner 
vessel and through the holes in its vertieai aides, 
and hubbies up through the purifying mixture 
into the space unoccupied by the Ume and water 
in the outer vessel ; frora whence, by means of 
pipes properly arranged, it is conveyed to the 
gas-holder. It is evident, then, that no gas can 
pass from the retorts into the gas-holder without 
first passing through the purifying mixture; and, 
as this mixture Is constantly kept in agitation, it 
80 acts upon the crude gas, by a chemical affinity, 
as to retain the sulphuretted hydrogen, «^t., and 
to allow the carburetted hydrogen to pass. 

What has been stated on this subject is not 
only applicable to the cylindrical purifier, but 
also to the square one. In some establishments 
the purifier is of a parallelopipedal form, and 
when so, it is furnished with two upright shafts 
and double sets of agitators. But either of the 
latter shaped vessels are less serviceable than the 
former; for in them the angular points cannot be 
atFected by the agitators, and, consequently, a 
considerable portion of the charge is lost to the 
manufacturer; and this cannot happen in the 
cylindrical one, where every part of the mixture 
is brought into use. 

Of the cylindrical vessels used for purifying 
coal-gas by means of lime in solution, one con- 
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strocted under the direction of Mr. Kemp, a Di- 
rector of the Chartered Gas-Light and Coke Com- 
pany, has been in action under my observation 
upwards of eighteen months. It admitted the gas 
through several bend-pipea into the vessel from a 
circular pipe situated over the top of it, by this 
means effecting a more equal distribution of the 
matter to be purified towards every part of the 
purifying mixture. The contrivance is ingenious, 
and does considerable credit to the inventor. 

But as purifiers of the description spoken of 
were but single vessels, and the greater proportion 
of gas being generated during the first period of 
distillation, such part of the gas as came over first 
would be more acted upon than that which was 
evolved during the latter part of the process, when 
the purifying mixture became saturated with sul- 
phureous particles. It was pioposed by some 
Operators to employ a series of purifiers ; the first 
one would then receive the gas in its most impure 
state ; after passing through it, it would enter 
into a second, where it would again be submitted 
to the purifying process, and so on through any 
number of vessels. Under this arrangement the 
first vessel would require to be more frequently 
charged than the second, and that than the third. 
Others considered that one purifying vessel was 
sufficient, provided the gas was washed by passing 
through water previous to entering into it, a,nd 





■gain before it was deposited tn the gas-bolder. 
Id smail establishmeDts, one purifyiog vessel may 
be sufficient ; but in works where two or three 
hundred thousand cubic Teet of gas are daily ge- 
oerated, no single vessel can perform the opera- 
tion effectually. 

We are, therefore, to ocmsider, that for the 
effectual purification of coal-gas in establishments 
of magnitude, more than ooe purtlying vessel must 
be employed ; and we are now to inquire which is 
the best arrangement for placing two, three, or 
more purifiers, so that they may be the most 
effective, and at the same time the most econo- 
mical. The best arrangement for these vessels 
which has fallen under my notice, as well as the 
construction of the purifier itself, was effected by 
Mr. Malam, of the Westminster Gas Works- 
ABCD, rigure I, Plafe VIII, is a vertical section 
of his treble purifier, placed upon a foundation of 
brick-work : and Figure 2 of the same plate is a 
plan thereof. EE, FF, GG, Figure 1, are sections 
of the three ioterior chambers, bolted to the topti 
of the respective vessels by the flanches expressed 
in the plate. It will be observed that the bottoms 
of these vessels branch out with a kind of flanch, 
by which means the gas is acted upon by a greater 
proportion of the purifying mixture than if the 
vertical sides of it fell in a perpendicular line, 

IIH is the axis on which the agitator II is fixed. 
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KKK are three cylindrical ve ssels for the purpose 
of charging the respective vessels into whicL the 
purifying mixture is introduced by the bends LLL. 

MMM are the pipes which convey the gaa into 
the interior chamber. 

N is the pipe which conveys the purified gas to 
the reser\'oir after it has passed through the series 
of vessels. 

O — the feed-pipe for bringing the purifying 
mixture from the vessel where it is prepared into 
the purifying apparatus. 

PPP exhibit the openings near the bottoms of 
the cylindrical vessels KKK, for emptying the 
respective vessels, which is effected by the slide- 
cocks QQQ. 

In the figure the height to which the purifying 
mixture rises, is shewn in the two lower vessels; 
but the upper one is not charged. 

The agitators are driven by hand in the same 
way as has been already described when speaking 
of the single purifiers. 

When this purifier is first brought into action, 
the purifying mixture is turned into the upper- 
most vessel K, from whence it enters into the 
uppermost purifier by the bend L, till it rises to 
the height of the uppermost edge of the vessel K, 
When such is the case, by opening the uppermost 
of the slide-cocks Q, that charge is emptied from 
the first into the second vessel, which being done. 
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«iddb cock Q it dMn 
dlHgein tht Monad puriAar to 
fcwB woit one, md whihrt tias ip 
in the uppermoBt one is emptied Htolha 
The mixture ie et Ae nme tnne 
mpptnaatt ODe, whidi is kmnm to 
charged, when the mixture rises to the 
fliqiplyiiig TOflsel ^ This beiof pijiCTisi# 'ftB 
gas in its erode state la aUowed to ealev.ifllo.tts 
interior chamber of the lowenaoat panQ^iag lass^ 
by the pipe M» which being illed^ it bkim MHar- 
neoth the flanch part of it intO'the ooler psaloCAat 
▼eaael which ia onoccupied by the paiifyiag 
tore : from thence, by the next pipe M^ iH'M 
veyed iDto the interior chamber of the middle 
purifier, where the action is the same as in the 
lower one ; and thence, by the uppermost pipe M, 
it is conyeyed into the highest vessel, n^ere having 
again undergone the purifying process, it is al- 
lowed to enter the gas-holder by the pipe N. 

On examining the plate, it must appear obvious 
that the gas enters into the lowermost purifier in 
its most crude state ; where, having been acted 
upcHi, it rises into the second in a purer state» and 
from thence into the top one. Under such cir- 
cumstances, it follows, that the charge in the 
lowermost vessel is rendered useless first : on its 
being so, it is turned off by opening the bottom 
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cock Q; whilst this is performing, the gas gene- 
rated has to pass through two vessels before it 
can enter into the gas-holder : but, in the single 
purifier during the time of charging, the gas passes 
into the gas-holder in an impure state, thus, by 
mixture with the pure gas, deteriorating its qua- 
lity. The bottom puriher being emptied, the mix- 
ture in the second is turned into it, and that of the 
top into the second, when the top one is re- 
charged. The lowermost vessel then always coit- 
tains the mixture which has been moat acted upon 
by the gas. 

By the vessels being placed in this way, a con- 
siderable aaviug in the expense of erecting them 
is effected : for, the top of the lowermost vessel 
answers as a bottom to the second, whilst the top 
of the middle vessel is the bottom of the upper 
one. The saving is not there alone ; for, if the 
vessels were pLiced separately, they would re- 
quire to be fitted with a number of valves and 
connexions under this arrangement altogether 
unnecessary. 

Where the manufacturer has plenty of room on 

his premises for erecting a series of single purify- 

I ing vessels, the extra expenses arising from the 

adoption of such plan not only consists in the first 

cost, but afterwards also, by requiring a man to 

I work the agitators of each vessel ; consequently, 

I when three vessels were used, three men would 
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be required for the purpose, whilst in Mr. Ma- 
lam's purifier one man with ease works the three 
sets of agitators. His arrangement possesses 
another capital advantage, for in most large towns 
where coal-gas manufactories are established, it is 
of considerable importance to save room, and 
nothing can be better adapted for doing so than 
his triple purifier. 

To go further into detail on the means of purify- 
ing coal-gas by passing it through lime in solution 
would be quite unnecessary ; for. though by dif- 
ferent operators different shaped vessels might 
be used, yet as all must allow the gas to pass 
through a sufficient column of the purifying mix- 
ture for the action to be efiectual, so long as that 
is accomplished the manufacturer's views are 
answered. That this is the best means for puri- 
fication hitherto adopted on the large scale, there 
is hardly a shadow of a doubt, and when the lime- 
refuse can be got rid off, it stands far above any 
other that has yet been tried. 

In some cases, however, the refuse-lime has 
been found so troublesome, that means have been 
tried for purifying the gas by lime in a semifluid 
state*, thus decreasing the quantity of this ob- 
jectionable matter; but the vessel which my obser- 

• Mr. CI^K 'ook out a pateot far a purifying veuel of this 
description — Viile Iteptrlori/ of Art$, No. 17G, stcood Seri« 
for J«aaary 1817- 
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' vations were made upon was found inadequate for 
accomplishing the purpose of purification. 

For purifying coal-gas by means of dry lime, 
Mr. Reuben Phillips, of Exeter, obtained a patent; 
but as his mode has not been tried on a large 

I scale, under my observation, I cannot speak suffi- 
ciently decisive as to its merits. I can here only 
observe, that from the construction of his purify- 
ing vessel and the manner of its arrangement, it 
would appear very doubtful if it could be adopted 
with safety and economy on an extended scale of 
operation, two things of very considerable im- 
portance to the manufacturer. 

We come now to speak of a mode of purification 
differing in principle and practice from any we 
have yet mentioned. The manner of performing 
the operation is by causing the crude gas to pass 
through retorts of a particular description worked 
at a red heat just visible by day-light. Mr. G. H. 
Palmer, lately in the employment of the Chartered 
Gias-Light and Coke Company, and now residing 
at No. 8, Regent-street, Westminster, has obtained 
a patent for this invention. i*/a/e VIII, Figured, 
represents a longitudinal section of Mr. Palmer's 
purifier. Figure 4 is a transverse section thereof, 
and Figure 5 a front view of the same, with the 
mouths of the upper purifier closed, and the lower' 
I one open. This purifier is constructed of cast- 
1 iron, and it is set in brick-work under such an 
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arrangement as admits of its being heated to the 
temperature required. In the plate just referred 
to there are two puri6ers heated by one fire. In 
no establishment can the process be carried on 
with a iess number ; in large works it would not 
only require the magnitude of the purifier to be 
increased, but it would also be requisite to employ 
a greater number of purifiers also. The purifiers 
are of an elliptical shape, and each one is divided 
into two equal parts by a vertical partition, which 
runs along its centre from the mouth-piece to 
within a few inches of its end. The mouth-piece 
is double, that is, it admits of two lids being ap* 
plied to it, one of which is to the right of the par- 
tition we have just spoken of, and the other to the 
left. The lids of these mouth-pieces are secured 
in the ordinary way by means of luting and cross- 
pieces. As it is intended that but one of these 
purifiers should be brought into action at one timCf 
the apparatus is provided with the double met* 
curial valve A, Figure 5, Uie rod of which beio^ 
attached to one end of a chain (running over • 
pulley) at the other end sustsuning a counters 
balance weight, the gas is allowed to enter into 
the upper or lower purifier as occasion may r©i 
quire. The valve being so contrived, (hat whea 
the crude gas is admitted through it into one 
purifier, it is effectually excluded from the others 
It is of considerable importance to the purification 
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of gas by tliis mode, as well as every other, that 
it should have effectually undergone the process 
of condensation, and as the admission of any of 
the condensible products into the purifier will 
materially tend to clog it up and to prevent the 
play of affinities required in this mode of puri- 
fication, the patentee advises that the pipes con- 
ducting the gas from the condenser should rise 
towards the purifying apparatus. In Figure 5 
the entrance and exit pipes are exhibited : the 
latter dip into a square box containing water, into 
which they are immersed so as to form an hydrau- 
lic joint between the purifying apparatus and the 
gas-holder. This box is furnished with a pipe for 
conveying off any products which may be con- 
densed after the gas has passed the purifier, and 
it will of course require another vessel for receiv- 
ing them, which must be constructed on a plan 
somewhat similar to the tar cistern, but on a 
smaller scale. 

When this purifying apparatus is to be brought 
into action, it is to be at such a temperature as we 
have already stated, not that it is essential towards 
effecting the purification of the gas, but tending to 
the preservation of the vessel. This being effected, 
each compartment thereof is to be half or three- 
iburths filled with fragments or refuse clippings of 
sheet-iron, with tinned iron plates, argillaceous 
iron ore, iron stone, Sgc. S^c. It is to be noted. 
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that whatever material may be used Id this ] 
fvtng vessel, such must be arranged iu it so as to 
lie loosely together, in order that the gas may act 
upon as much uf its area as possible, and that the 
sulphuretted hydrogen and carbonic acid gas may 
be thereby arrested. Should the black oxide of 
iron be used in the purifier, which appears to be 
preferred by Mr. Palmer, the operator should be 
careful as to the manner in which he disposes of 
it : always recollecting that a sufficient space 

r should be left at the end of the purifier to allow 
i gas to pass round the divisional partition. 
The purifier being chained with any of the ma- 
terials as above specified, the lids are to be secured 
and the valve opened towards the one so charged 
by raising or lowering the counter-balance weight 
of the valve, according as the upper or lower puri- 
fier may be brought into action. The gas then 
enters into that compartment of it wliich is to the 
left, and passing over the iron, or whatever else 
may be introduced round the divisional plate, is 
allowed to pass from the purifier by means of the 
pipe which is connected to the mouth-piece, which 
is to the right, into the hydraulic box, and thence 
by the pipe B to the gas-holder, to be stored up 

I^a use as occasion may require. 
Lit is requisite that tests should occaBlonally be 
token, in order that it may be known when the 
■agments of iron, <^t., become inadequate for the 





poi^se of purification. When they are so, the 
other purifier is to be charged in a similar way, 
the mouth-piece secured and the valve opened 
into it, which, as we have before observed, will 
shut off the communication to that which had 
been in action. When this is done, let the tids of 
the purifier which is out of use be removed, so as 
to admit the atmospheric air into it, the action of 
which will, prior to the purifier in action being 
rendered inadequate to perform its otBce, bo far 
restore the materials to their proper tone, by re- 
ducing the sulphuret of iron again to a metallic 
state, as to aUow the change of purifier to be* 
again effected, and the process to be carried on 
to advantage. 

The operator is invariably to follow the mode 
pointed out, by using his purifiers alternately, till 
it is ascertained that the iron, or whatever sub- 
stance may have been introduced, will no longer 
retain the sulphuretted hydrogen, i^c When 
such is the case, the contents of the purifier must 
be removed and replaced by fresh material, and 
the process proceeded upon again, in the manner 
we have already described. 

This mode of purifying has not yet been brought 
into practice on an extended scale. In the small 
way it has been proved to perform the office of 
purification effectually j and, from what it has 
done there, we cannot doubt of its effect in the 








Inge VS7. Mr. PilBer has neatij < 
T|— ■«— at Mil I k rfi hi for tmifyMm the gu 
^■■BrBlLiJ far fighting that upwb. wUek is ex- 
br /^rmsr 3. 4. Bod 6. i»it«te VTU; bat. 
to the wntlcs of that place aot betag ia a 
it state of fbrwrnrdneaB to allow of its beaag 
It inUi aae, it had not been tned there at the 
ia abeet was sent to the ptcaa. We arc 
obaerre, that, in situations where there is 
in getting rid of the Ume refuse, Mr. 
'» mode of panfying we apprehend might 
to adirantage ; and, when we consider 
such is the case, we can hardly doubt 
of seeing it very generally used. 

The ideas of explosion being to be apprehended 
from its becoming leaky, rest on so unstable a 
basis that it is really astonishing how they could 
have originated ; for, by a parity of reasooiog, 
ilosioas would daily happen in every gas<light 
itablishroentwhenaretort became burnt through: 
bat, whilst there is a pressure in the retort, or in 
the purifying vessel, which there always is, the 
admission of atmospheric air into either is pre- 
vented ; and, without a very considerable pro- 
portion thereof, we know that no explosion can 
happen. 

In concluding this Chapter, we are to observe 
that when lime in solution is used for the purifi- 
cation of gas obtained from most of the species of 
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Wallsend coals, a bushel and a half (Winchester 
measure) or 3225,63 cubic inches of unslacked 
lime is found sufficient for purifying 10,000 cubic 
feet ; its value, at fourteen shillings the hundred, 
being about eight pence. In the same propor- 
tion must the purifier be charged for either 
greater or lesser quantities of gas generated. 
However, as the qualities of coals vary consider- 
ably, perhaps no specific quantity can be put 
down as a general rule. The operator will very 
soon ascertain the fact, for his tests will prove 
whether the gas be pure, and he will charge his 
vessel accordingly. 

TABLE 

Siiew'mg the Comparison l/elween the Lime Hundred 
and Wmchesier Bushel, Sgc. 

^ to 2 1 ,696, or 2 1-^5^ Wi uchester bushels 
cubic inches each. 





On Ike Gas-holder (Gasometer); its Comlntttion, and De- 
tcripthiis of such as miutd bett amwcr the Purpose of the 
SrLanufacturer. 

The gas-holder (or, as it is more commonly, 
though improperly, called, the gasometer) is that 
vessel in which the purified gas is stored up for 
use. It has been of various sizes and shapes: that 
most geoerally adopted in large works is from 
15,000 to 20,000 cubic feet in capacity. It is a 
cylinder ; the diameter being from thirty-three to 
forty feet, and the height from eighteen to twenty- 
three feet. 

When speaking of the gas-holder, we are to 
consider it as composed of two distinct parts : 
that is to say, a capacious inner vessel, in large 
works generally made of sheet-iron, which is 
closed at the top and opeo at the bottom; and a 
cast-iron tank or wooden vat of about a foot or 
eighteen inches greater diameter for containing 
water, into which the gas-holder sinks as it is 
emptied of gas, and out of which its lower edge, 
when full, cannot rise. By this contrivance the 
gas is prevented from escaping. 
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The gas-holder is suspended by a chain over 
two grooved wheels fixed on a cast-iron frame 
placed over it; one end of which chain is made 
fast to an eye-bolt at the centre of the top of the 
gas-holder, and to the other is attached a frame 
supporting weights nearly equal to the weight of 
the gas-holder. It is to be observed, that by 
putting more weights upon the balance support, 
or frame, the gas-holder works at a less pressure, 
and, consequently, does not force the gas into 
the street mains with such velocity as when the 
weight is there decreased : for, if the balance- 
weight and weight of the gas-holder were very 
nearly equal, there would be little or no impetus 
for discharging the gas ; it would, in consequence, 
escape with such languor at the orifices of the 
burners as to afford but a very feeble light. To 
obtain a good hght, the gas-holder should never 
be worked at less than about two inches' pressure ; 
or, in other words, the surface of the water inside 
the gas-holder should be about two inches below 
the surface of the water contained between the 
outside of the gas-holder and the tank, or vat, in 
which it is suspended. 

If we suppose the lank to be filled with water, 
and the gas-holder partly filled with gas. we can 
so adjust the balance-weight as to produce an 
equilibrium between it and the gas-holder: in 
that case, the external air will not enter into the 
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ga»-holder, nor will the gas therein escape from it. 
When the balance-weight is so adjueied, tlie watetf' 
will beat the same level loside the gas>holder, aa4' 
between its outer surface and the inside of the 
tank. But, by diminishing the balance-weight, the 
gas-holder Mrill, by its gravity, have a tendency 
to descend ; and the greater that tendency may be, 
so much more will the water descend within it 
Under these circumstances, the included gas will 
be compressed beyond the pressure of the atmos< 
phere in exact proportion to the weight of i 
column of water whose lieight is equal to tb* 
difference between the surface of the water inside 
tlie gas-holder, and the surrounding surface 
thereof within the tank or vat. 

For ascertaining the pressure at which the gas- 
holder works, a small pressure-gauge may be 
attached to the top of it, and secured from acci- 
dent by a wrought-iron case. When, from the 
gas being turned into tlie gas<holder, it has risea 
but a few feet out of the water, the operator, by 
inspecting the graduated scale on tlie pressure^ 
gauge, can see what pressure the gas-holder is 
then working at; and, by diminishing or increas- 
ing the counterpoise, or balance-weight, regulate 
the pressure to what may be deaired. One o£ 
the uses of the gas-holder is to regulate tlie 
etnission of the gas towards the burners, whicli 
could not be eftected without such contrivance.- 





ihe gas being evolved from the retorts in very un- 
equal proportions duriug the different periods of the 
distillatory process, as was noticed at page 150. 

On considering the matter a little closely, it 
will appear that the weight of the gas-holder is 
continually increasing as it fills with gas: for we 
know that " a body immersed in a fluid will sink 
" to the botlom if it be heavier than its bulk of 
" the fluid ; and, if it be suspended in it, it will 
" lose as much of what it weighed in air as its 
" bulk of the fluid weighs." The case is pre- 
cisely the same with the gas-holder ; for, when 
the gas first begins to enter into it, its top is level 
with die water, it will therefore be counterpoised 
in such situation by a weight that wants as much 
of the absolute weight of the gas-holder as the 
quantity of water weighs which is thereby dis- 
placed : as the gas is allowed to enter the gas- 
holder, the latter rises out of the water ; and, of 
course, as it does so, its weight increases: there- 
fore, if the balance- weight be barely sufficient to 
support the gas-holder, so that it may work at a 
certain pressure when it first begins to rise ; it 
follows, that, according as it rises, the pressure 
increases by the increasing weight of the gas- 
holder, if, Ihen, the gas-holder is worked with- 
out some contrivance for regulating the pressure, 
the quantity of gas it may contain cannot be 
ascertained ; nor can that gas, when admitted to 
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the burners, be unifumily supplied, so as to keep 
the flame at a slated height during the act of 
combustioD, for when the gas-holdev is nearly full, 
the pressure will be much ^eater than when it is 
Dearly empty ; the consequence therefore is, that 
the flame will be much longer in the first case than 
in the last, without a possibility of its being kept 
uniform. Indeed, if there were not some con- 
trivance in works, cond iicled on an extensive scale, 
for keeping the gas-holder at an uniform pressure 
at all the heights of its rise, the most serious in- 
conveniences would follow. 

In the more early stages of this new science, a 
[ spiral pulley was adopted for the chain to work on 
for counteracting the evils attendant upon this 
want of unifonnity in the pressure of the gas- 
holder. It answered the desired purpose; but, it 
was clumsy, inconvenient, and expensive. A de- 
viation therefrom was made for gas-holders work- 
[ ingon the ordinary principle. The plan was built 
[ Upon what we have already mentioned, that is to 
I say, " a body immersed in a fluid loses as much 
I Weight as an equal bulk of the fluid weighs." It 
I will doubtless appear evident to our readers, that 
the only mode for eflecting the purpose (when 
gas-holders are encumbered with the speciflc 
gravity apparatus) is by increasing the weight 
which is suspended as a balance over the friction- 
wheels in a direct proportion with the weight of 





■water displaced by Ihe descent of the gas-holder : 
and, therefore, as the balance- weight itself remains 
the same, it must be done by a compensation of 
1 weight in the chain supporting it. In sliort, every 
Moot of the chain should be equal in weight to the 
weight of water displaced by the gas-holder being 
immersed to that depth therein. Therefore, if 
there be given the weight of that part of the gas- 
holder which is immersed in water when it is out 
of action, and the specific gravity of the material 
of which it is composed — the specific gravity of 
water being known to be 1,000, we can easily 
ascertain what the weight of chain ought to be 
that is the same length as the height of the gas- 
holder by the following 

Rule. 

As the specific gravity of the material of which the 
I gas-holder is composed, is to the weight of that 
I part of it which becomes immersed in water — 
when it is weighed in air: 
So is the specific gravity of water, to the weight 
of an equal bulk of water to what the gas- 
holder displaces — consequently, to the weight 
of that part of the chain supporting the balance- 
weight, which is equal in length to the height 
the gas-holder rises when full of gas. 

Examples, 
Given the specific gravity of sheet-iron 7,645, 
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and the weight of that part of the gas-holder, 
formed of such material, which becomes immersed 
in water, 861 lbs., to find the weight of that part 
of the chain of the gas-holder measured downward, 
from the axis ol the wheel over which it passes, 
which is equal in length to the height of the gas- 
holder, — and consequently, the weight of water 
displaced by the gas-holder ? 



Say. as : 7,645 : 861 : 1,000 : 112.6 
nearly. 

Given the specific gravity of sheet copper 9,000, 
and Ihe weight of that part of the gas-liolder 
formed of such material which becomes immersed 
in water, 1,792 lbs. to find as io the preceding 
example. 



Wt.erO>i. Smrr.Gnt ol 

l.oldermllii. tVmtt. 

1,792 : 1,000 



199.1 



Say, as : 9.000 
nearly. 

This matter having, 1 trust, been made suffi- 
ciently clear to the reader, I shall here introduce 
something on the pressure of fluids, a .subject of 
importance to those who may have to conatruct 
tanks, or other vessels of magnitude, for the 
gas-holder to work in. I am induced to do so 
fi-om having observed how very frequently weight 
and pressure are confounded by those who are. 
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not thoroug^hly acquainted with the laws of 
Hydrostatics. 

[ PROPOSITION I. 

If any part of a Fluid be raised higher (Han the rest, 
bif any Force, and then left to itself, the higher 
Parts will descend to the lower Places, and the 
Fluid will not rest till its Surface be quite even 
and level ; 

For, the parts of a fluid heing easily moveable 
every way, the higher parts will descend by their 
superior gravity, and raise the lower parts, till 
the whole come to rest in a level or horizontal 
plane. 

Corol. I. Hence water, which communicates 
with other water, by means of a close canal or 
pipe, will stand at the same height in both places. 
In the same way should a glass syphon be held 
with the bend part downwards, and water poured 
into one of the legs, it will pass through the bend 
and stand at the same height in each of its legs. 

Corol. 2. For the same reason, if a fluid gravi- 
tate towards a centre; or in other words, if it be 
received into an inverted cone, it will dispose 
itself into a spherical figure, the centre of which 
is the centre of force. Like as the sea in respect 
of the earth. 

4i 





»^ PROPOSITION II. 

mtm m Fbad it at re*i ih a I'enel, Ihe Base of 
wAkJk it paratJei to tJte Jianzan, e^al Partt ftf 
ike Bate art eipiaUif pressed in/ Ike Fluid. 

Wot, upoD every equal part of the base there is 

I equal cotamn of the fluid supported by it. And 

I all the colunms are of equal height, by the last 

opositioD, they are of equal weight, and there< 

fcre they press the base equally ; that is, equal 

* 'fmts of the base sustain an equal pressure. 

i - Com/. 1. All parts of the fluid press equally at 

k itfie same depth : 

For, if a plane, parallel lo the horizon, be 

'' conceived to be drawn at that depth ; then, the 

pressure being the same in any part of that plane, 

by the proposition, therefore the parts of the fluid, 

.instead of the plane, sustain tbe same pressure at 

lithe same depth. 

Coroi. 2. The pressure of the fluid at any 
r^deplh, is as the depth of the fluid : 

For, the pressure is as the weight, and the 
(.Weight is as tbe height of the fluid. 

PROPOSITION III. 

^ When a Fluid is pressed by its men freight, or by 
any other Force ; at any Point it presses equally, 
in all Directions whatever. 

This arises from the nature of fluidity, by which 
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it yields to any force in any direction. If it can- 
not recede from any force applied, it will press 
against otber parts of the fluid in the direction of 
that force. And the pressure in all directions 
will be the same. For, if it were less in any 
part, the fluid would move that way, till the 
pressure be equal every way. 

Corol. 1. In a vessel containing a fluid, the 
pressure is the same against the bottom as against 
the sides ; or even upwards at the same depth. 

Carol. 2, Hence, and from the last proposition, 
if A B C D {Plalc I, Fig. 2) be a vessel of water, 
and there be taken, in the base produced, D £ to 
represent the pressure at the bottom; joining AE, 
and drawing any parallels to the base, as F G, HI ; 
then shall FG represent the pressure at the 
depth A G, and H 1 the pressure at the depth A I, 
and so on ; because the parallels F G, H I, E D, by 
similar triangles, are as the depth AG, A I, A D ; 
which are as the pressures by the proposition. 

And hence the sum of all the FG, HI, i^c, or 
area of the triangle A D E, is as the pressure 
against all the points G, I, ^c, that is, against 
the line A D. But, as every point in the line 
C D is proved with a force as D E, and that thence 
rthe pressure on the whole line C D is as the rect- 
angle ED, DC, whilst that against the side is as 
the triangle A D E or J A D. D E ; therefore the 
pressure on the horizontal line D C, is to the prea- 
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Bare agsinst the vertical tine DA, asDCto^DA. 
Aod hence, if the vessel be an upright rectangabi 
one, the pressure on the bottom, omhole weight of 
the Anid, is to the pressure against ooe side, as the 
base is to half that side : and therefore the weight 
of the fluid is to the pressure agaiu&t all the font 
upright sides, as the hase is to half the upright 
surface. And the same holds true also in any 
upright ves-sel, whatever the sides be, or iu a 
cylindrical vessel. Or, in the cylinder, the 
weight of the Sutd is to the pressure against the 
upright surface, as the radius of the base is to 
double the altitude. 

Moreover, when the rectangular prism becomes 
a cube, it appears that the weight of the fluid on 
the base, is double the pressure against one of the 
upright sides, or half the pressure against the 
whole upright surface. 

Coroi. 3. The pressure of a fluid against any 
upright surface, as the gate of a sluice or canal, 
is equal to half the weight of a column of the 
fluid whose base is the surface, pressed, and its 
altitude the same as the altitude of that surface. 

For, the pressure on a horizontal base equal to 
the upright surface, is equal tu that coluron; and 
the pressure on the upright surface is but half 
that on the base, of the same area. 

So that, if 6 be the breadth, and tl the depth of 
such a gate or upright surface, then the pressure 
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against it, is equal to the weight of th& fluid, 
whose magnitude is ^ Arf'=l A B, A D'- 

If the fluid be water, a cubic foot of which 
weighs I, COO ounces, or G2| pounds; and, if the 
depth AD be 12 feet, the breadth AB 20 feet; 
then the content, or JAB, AD', is 1,440 feet. 
and the pressure is 1,440,000 ounces, or 90,000 
pounds, or 40^ tons weight nearly. 

PROPOSITION IV. 

The Pressure of a Fluid, on the Base of the Vesset 
in which it is contained, is as the Base and per- 
pendicular Altitude, whatever be the Figure of the 
Vessel that contains it. 

If the sides of the base be upright [Plate I, 
Fig. 3), so that it be a prism of an uniform width 
throughout, then the case is evident; for then the 
base supports the whole fluid, and the pressure ia 
just equal to the weight of the fluid. 

But, if the %'essel be wider at the top than 
bottom, then tite bottom sustains, or is pressed 
by, only the part contained within the upright 
hnes aC. i D {Plate I. Fig. 4.) because the parts 
AC (7, B D i, are supported by the sides AC, 
BD; and these parts have no other effect on 
the part ab VC than keeping it in its position 
by the lateral pressure against a C and b D, 
which does not alter its perpendicular pressure 
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downwards; and thus, the pressure on the bottom 
is less than the weight of the contained fluid. 

And, if the vessel be widest at bottom, then the 
bottom is still pressed with a weight which is 
equal to that of the whole upright column ABDC 
(Plate I, Fig. 5) : for, as the parts of the fluid are 
iireqmlibrio, all the parts have the same pressure 
at the same depth ; so that the parts within C c 
and (/D press equally as those in cd, and there- 
fore equally the same as if the sides of the vessel 
had gone upright to A and B, the defect of fluid 
ID the parts A C a and B D being exactly com- 
pensated by the downward pressure or resistance 
of the sides nCand bD against the contiguous 
fluid. And thus, the pressure on the base may- 
be made to exceed the weight of the contwned 
fluid, in any proportion whatever : ' 

So that, in general, be the vessels of any figure 
ithatever, regular or irregular, upright or sloping, 

' variously wide and narrow, in different parts, 
if the bases and perpendicular altitudes be but 
equal, the bases always sustain the same pressure; 
and as that pressure, in the regular upright vessel, 
is the whole column of the fluid, which is as the 
base and altitude, therefore the pressure in all 

ures is in the same ratio. 

Hence, when the heights are equal, 
pressures are as the bases ; and when the 
s are equal the pressure is as the heights; but 
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wWi both the heights and bases are equal ihe 
pressures are equal in all, though their contents 
be every so different. 

Corol. 2. The pressure on the base of any 
vessel is the same as on that of a cylinder of an 
equal base and height. 

Corvl. 3. If there be an inverted syphon, or 
bent glass tube, the legs of which are of different 
lengths, containing two different fluids that balance 
each other, or rest in equilibrio, then their heights 
in the two legs above the point of meeting will 
be reciprocally as their densities : or, 

As the height of one fluid is to the height of 1 

the other. 

So is the density of the latter to the density ' 

of the former : 

So, if the longer leg of the syphon contain 
water to the height of fourteen inches, it will be 
kept in equilibrio by introducing quicksilver to I 
the height of one inch in the shorter leg; quick- 
silver being nearly fourteen times heavier than 
water. If the quicksilver be raised to two inches, 
it would balance a column of water twenty-eight 
inches high ; and so on. 

Since, then, the pressure of fluids of equal den- 
sities is directly as their perpendicular heights, 
without any regard to their quantities, it appears 
that whatever the figure or size of vessels be, if 
they are of equal heights, and if the areas of their 
bottoms are equal, the pressures of equal heights 
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of water are equal upon the bottoms of ihel 
vessels ; even though the one should hold a thou- 
sand, or ten thousand, times as much water as 
would till the other. To conhrm this by an ex- 
periment, let two vessels be prepared of equal 
heights, but very unequal contents, such as A B 
(P/aie I, Fig. 6.) and A B [Piale I. Fig. 7). Let 
each vessel be open at both ends, and their 
bottoms D (/, D </, be of equal widths. Let a 
brass bottom, C C, be exactly fitted to each 
vessel, not to go into it, but for it to stand upon; 
and let a piece of wet leather be put between 
each vessel and its brass bottom, for the sake of 
closeness. Join each bottom to its vessel by a 
binge I, so that it may open like the lid of a box; 
and let each bottom be kept up to its vessel by 
equal weights, E and E, huny to lines which go 
over the pulleys, F and F, (whose blocks are tixed 
to the sides of the vessels at b), and the lines tied 
to hooks at h and //, fixed in the brass bottoms 
opposite to the hinges I and L Things being 
thus prepared and fitted, hold the vessel A B 
[Fig. Vn.) upright in your hands, over a basin on 
a table, and cause water to be poured into the 
vessel slowly, till the pressure of the water bears 
down its bottom at the side d, and raises the 
weight E ; and then part of the water will run out 
at d. Mark the height at which the surface H 
of the water stood in the vessel, when the bottom 
igau to give way at d\ and then, holding up t 
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other vessel A B (Fig. 6] in the same manner, 
cause water to be poured into it at H ; and you 
will see that when the water rises to A in this 
vessel, just as high as it did in the former, its 
bottom will also give way at d, and it will lose 
part of the water. 

The natural reason of this Burprising phenome- 
non is, that since all parts of a fluid at equal 
depths below the surface are equally pressed in 
all manner of directions, the water immediately 
below the fixed part Be [Fig- G) will be pressed 
as much upwards against its lower surface within 
the vessel, by the action of the column A i, as it 
would be by a column of the same height, and of 
any diameter whatever ; and therefore, since 
action and re-action are equal and contrary to 
each other, the water immediately below the 
surface B c will be pressed as much downward 
by it, as if it was immediately touched and 
pressed by a column of the height i A, and of 
the diameter Be; and therefore, the water in the 
cavity BDJc will be pressed as much down- 
wards upon its bottom CC as the bottom of 
the other vessel {Fig. 7) is pressed by all the water 
above it. 

To illustrate this a little further, let a hole be 
made at / in the fixed top Be [Fig. C) and let a 
tube G be put into it ; then if water be poured 
into the tube A, it will (after filling the cavity Brf) 





rise up iiito the tube G, until it cooies to a level 
with that in the tube A. which is manifestly 
owing to the pressure of the water in the tube A, 
upon that in the cavity of the vessel below it. 
Consequently, that part of the top B c in which 
the hole is now made, would, if corked up, be 
pressed upward with a force equal to the weight 
of all the water which is supported in the tube G ; 
and the same thing would hold at g, if a hole 
were made there. And so, if the whole cover or 
top Be were full of boles and had tubes as high 
as the middle one A / put into them, the water in 
each tube would rise to the same height as it is 
kept into the tube A, by pouring more into it, to 
make up the deficiency that it sustains by supply- 
ing the others, until they are all full ; and then 
the water in the tube A would support equal 
heights of water in all the rest of the tubes. Or, 
if all the tubes except A, or any other one, were 
taken away, and a large tube equal in diameter to 
the whole top B c were placed upon it, and 
cemented to it; and then, if water were poured 
into the tube that was left in either of the holes, 
it would ascend through all the rest of the holes 
until it filled the large tube to the same height 
that it stands in the small one, after a sufficient 
quantity had been poured into it : — which shews 
that the top B c was pressed upward by the 
water under it, and before any hole was made in 
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it, with a force equal to that wherewith it is now 
pressed downward by the weight of all the water 
above it in the ^eat tube : and therefore, the re- 
action of the fixed top B c must be as great, in 
pressing the water downward upon the bottom 
CC, as the whole pressure of the water in the 
great tube would have beeo if the top had been 
taken away, and the water in that tube left to 
press directly upon the water in the cavity B D dc. 

After what has been said on the pressure of 
fluids, it can hardly be necessary to add more. 

The things appear so plain, that to give further 
examples upon them would be but taking up the 
reader's time without answering any useful end. 
I am here to observe that the four foregoing Pro- 
positions are, in substance, the same with what 
is given by Dr. Hutton in the second volume of 
his Course of Mathematics; and, that for the ex- 
periment to elucidate the equality of pressure in 
vessels of unequal capacity, but of equal heights, 
and having bases of equal area, I am indebted to 
the lectures of the ingenious Mr. Ferguson. — 
Under the sanction of two names so eminent in 
their respective writings for perspicuity, addition 
would be useless, — explanation unnecessary. 

It may not, however, be improper again to re- 
peat, that when it is required to construct tanks 
for gas-holders to work in, it would be running the 
maimfaclurer into a needless expense, should the 




ttpright plates be made of the same thickness 
from the lop to the bottom. For it has been de- 
mODSlrated, Pbopositios III. Carol. 2, that ia 
square vessels the weight of the fluid is to the 
pressure against all the four upright sides as the 
base is to half the upright surface ; that conse- 
quently, if a right angied triangle be formed, 
ha%'ing double the height of the \-essel for its per- 
pendicular, its base being equal to the side of the 
vessel, lines drawn parallel to that base, at twice 
such distances asunder as the plates forming the 
sides of the vessel may be in depth, so as to cut 
the hypolhenuse, will shew the proportional 
pressure against each, and, consequently, the pro- 
portionate thickness of the respective tiers of 
plates. Should we therefore suppose the base to 
represent the thickness of the lower tier of plates, 
say an incii, or any other specific measure, then 
the parallel lines will be proportionals thereto, 
and, if measured from the same scale, will shew 
the thickness of each tier of plates respectively. 
This mode of ascertaining the strength of plates 
for forming the sides of cast-iron tanks, whether 
they should be square, parallelopipedal, or cylin- 
drical, will be found as correct as is required in 
practice. 

But, in cases where it may be thought expe- 
dient to erect brick-tanks, the dimensions of the 
brick-work will vary with circumstances. When 
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brick tank is sunk into the ground, the lateral 
pressure of the earth against its exterior will act 
so as to cause a diminution in the thickness 
thereof to be effected with safety : — But, when 
the tank rises above the surface of the earth, 
should the brick-work be of the same thickness 
from the top to the bottom, its actual weight must 
be greater than one-half the weight of water the 
tank is intended to hold, and so it must be if the 
base of the brick-work is such as to allow its de- 
crease so as to form a triangular appearance : for, 
unless the leverage, from the centre of gravity of 
the wall, be somewhat more than that from the 
centre of gravity of fluid in the tank, the con- 
structor of such cannot reasonably expect either 
tightness or durability. 

When wooden vats are constructed in lieu of 
tanks, the same rules will hold good, in many re- 
spects, with what we have noticed as to the con- 
struction of cast-iron vessels. In the vat, the 
difference not being so much in the thick- 
ness of the staves forming it, as in the greater 
number of hoops within a certain distance near 
to the bottom, in proportion to what are re- 
quisite within a like distance near the top ; but, 
as the construction of vessels of this description 
would not be attempted, save by the back-maker, 
it will be for him to warrant the durability of the 
vat for some specific period, and then of course 
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i will construct it of such materials and wozl 
manship as will prevent, on his part, any failure 
in the terms ofhis contract. 

Having given an outline of the principles neces- 
sary to be attended to in the construction of tanks, 
^■c, for the gas-holder to work in, I shall give the 
dimensions of the cast-iron plates for constructing 
a tank of thirty-four feet diameter, and eighteen 
feet deep. The plates forming the bottom are 
segments of circles; these plates are three-fourths 
of an inch in thickness. The plates forming the 
sides of the tan't are about eight feet in length by 
six feet in depth. The lower tier are seven-eighths 
of an inch, the middle tliree- fourths, and the upper 
five-eighths, of an inch thick. The breadth of the 
flanches round each plate is three inches and a 
half from the inside, and the thickness is equal to 
the thickness of the plate. In putting this lank 
together, the joints are made with iron cement and 
screw bolts, in the way mentioned for jointing 
flanch-pipes (vide Chapter XV. On lading the 
Street Mains.) The screws are five-eighths of 
an inch in diameter : in the bottom and lower tier 
they are placed about five inches asunder, in the 
middle tier six inches, and in the upper one 
seven. The lowermost tier of plates is generally 
surrounded by three wrought-iron belts, the 
middle one by two, and the upper tier by one; 
these are drawn tight by means of wedges. Be- 
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tween these belts and ilie side of the tank are 
placed pieces of wood, rising to the same height 
^^■ith the flanches upon the body of the respective 
plates, by which an equal pressure upon each 
hoop is obtained in every part of its bearing. In 
the course of my observations I have witnessed as 
many hoops put round a cast-iron tank, as would 
be required for a wooden vat ; but it would be 
misleading the reader, and an insult to his under> 
standing, were he informed such practice was 
worthy of imitation. A greater number than what 
I have just mentioned for a tank of such dimen< 
sioDs, might be profitable to the smith, but by no 
means so to the gas-light manufacturer. 

It will be obvious to the reader that the tank 
of which I have been speaking is a single vessel; 
aud, therefore, in the construction of single vessels 
of larger or smaller dimensions, he will be able, 
from the data and instructions given, to calculate 
upon the metal it will be necessary to use : — but 
latterly there has been introduced a kind of cast- 
iron tank part of which may be constructed of 
lighter plates. The tank alluded to is formed so 
as to exhibit its boundary lines in the plan by 
two concentric circles : the radius of the outer 
one being about nine inches more than the semi- 
diameter of the gas-holder: of the inner one 
about nine inches less. It is only between these 
that water is introduced for the gas-holder to work 
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This Species of tank possesses some advan- 
i over the former, especially where water is 
. very pleotiful. Id it the interior range of 
taites will not rei^uire to be of so mucfa strength 
I the exterior : it i^ a mistaken notion, which 
ds some persons to suppose that the exterior 
a might with safety be made more slight in 
, than in a vessel constructed on the ordinary 
rinciple, to be entirely filled with water. 
Circular-shaped tanks are to be preferred to 
[ any other, for various reasons, amongst which the 
[ Host prominent one is. the uniformity of pressure 
Itt equal depths upon every part of their upright 
Isurfaces ; for, in square tanks, the angular points 
nrill, of necessity, be liable to give way; and the 
luaaking of such, to contain the necessary fluid, 
will be attended with difficulties which never 
■ present themselves in cylindrical vessels. 

The next subject presenting itself to notice, is, 
tiie constructionof gas-holders of such dimensions 
as are required in large manufactories. Those 
containing 15,000 cubic feet are generally made 
of plate-iron (number 16 wire gauge, weigh- 
ing about 2 lbs. 1 1 oz. the square foot) rivelted 
together with quarter-inch rivets, seven-eighths 
Lttf an inch asunder. When gas-holders ofmagni- 
Ktnde were first constructed, tliey were encum- 
Kred with either a heavy wooden frame that 
uwered no useful purpose, or otherwise so 




3 




ON THE CAS-HOLDER 



loaded inside with iron slays as made it necessary 
to use an immense balance-weight; thus removing 
one evil by introducing another: but such will 
ever be the case when we commence upon wrong 
principles, lu machinery of all descriptions the 
merit of invention rests not so much upon per- 
forming a certain purpose as in effecting it by 
simple and natural means ; for, when a man sets 
out with a wrong principle he is compelled to 
resort to various expedients to bring it back to 
something natural ; but, in doing so, he generally 
fails of finding the end he had in view answered. 
Were we but to profit by the lessons which 
Nature is ever giving us, we should generally 
do much better than by trusting to our own 
powers of judging: for, it is no new observation 
that in human inventions a thousand movements 
frequently fail in performing one purpose, whilst 
in the theatre of nature we find one producing its 
end whilst it is promoting some other. Experience 
has now taught the manufacturer that be cannot 
construct his gas-holder too light. Instead of tlie 
cumbrous wooden frame, or weighty iron slays, 
that vessel consists now of nothing save the plate~ 
iron rivetted together, and one small breadth of 
angle iron at the bottom and another round 
1 the top, inside, for keeping it in form, together 
J with six or eight small rods which project from 
rate eye-bolt by which the gaa-bolder is suspended, 
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to within about a foot of its circumference. 
Under this arrangement, the gas-holder is light, 
I and consequently costs much less in the first in- 
stance, — it requires a smaller balance-weight, 
r lighter friction wheels and pulleys, and, in short, 
' under all its bearings, it is attended with benefits. 
I In the construction of gas-holders, of which I 
have been speaking, it is supposed that they are 
to be suspended by chains over pulleys, and 
worked by means of balance*weights ; but, by 
recent improvements, the more scienli6c gas- 
Hght manufacturer considers the expensive frame- 
work, chains, weights, {^-c, as things not wanted. 
To decrease the pressure of Ibe gas-holder, and 
thereby to prevent the necessity of using balance- 
Weights, it has been proposed by Mr. Clegg to 
increase the diameter of that vessel. Thus, for 
instance, were it required to construct a gas- 
holder capable of containing 15,000 cubic feet of 
' gas; instead of making it thirty-three feet in dia- 
meter, and seventeen feet deep, which would 
weigh about 3^ tons, and, if unencumbered with 
' (Specific gravity apparatus, would, when full of 
' gas, act at about 1 -j^^ inch pressure ; were the 
' diameter increased to forty-two feet, it would re- 
* quire to be about eleven feet in depth, would 
weigh about four tons, and, under similar cir- 
cumstances with the former, would perform at an 
inch and a quarter pressure. Indeed, as the dia- 





meter of the gas-holder is increased, the capacity 
being the same, the pressure upon every square 
inch will be diminished in a similar ratio. 

We may ascertain these facts by attending to 
the following 

Rule. 

There being given the diameter and depth of 
the gas-holder, the weight of a superficial foot of 
the plate-iron, of which it is constructed, and the 
extra weight for angle-iron, stay-rods, and rivets, 
to find the pressure at which it will work, sup- 
posing it unencumbered with chains, weights, ^-c. 

First, find the area of the top by multiplying 
the square of the diameter by ,7854. 

Then, to find the superficial feet arising from 
its height, say 

as 7 : 22, so is the diameter of the gas- 
holder to its circumference. 

The circumference, so found, multiplied by the 
height of the vessel, gives the number required ; 
to this number add the area of the top of the gas. 
holder, in superficial feet ; the sum will express 
the number of square feet of plate- iron required 
for constructing it, less an allowance for the 
lapping over of the plates. 

Multiply the number of square feet of plate- 
iron required for constructing the gas-holder by 
the weight of one square foot of the material of 
which it i» constructed, and to the product add 
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l-the weight of rods, rivets, 

• for the iappirg over of the joinls; tbe 



angte- 



IbU< 



lowance i 
sum will be its absolute weight. 

Reduce the absolute weight into ounceii, and 
le area of the top of the gas-holder into square 
iches, by multiplying each superficial foot by 

4. 

Divide the weight in ounces, by the area of the 
top of the gas-holder, in square inches, ihe quo- 
tient will shew the pressure upon every square 
inch in ounces. 

But as we speak in other language, saying' the 
gas-holder works at so many inches' pressure : if 
■We divide the pressure upon each square inch in 
Ounces, by the weight of a cubic inch uf water, 
,5787, the quotient will express the pressure in 
inches and decimals of an inch; and, according to 
this mode of proceeding, the two foregoing results 
were obtained. 

It will appear evident to the reader that under 
tills arrangement the pressure of the gas-holder 
will not be uniform through all the heights it 
Hses; it will be the greatest when it is full of 
gas, and the least when it i» empty. To counteract 
this evil it is proposed that the ga.5, after leaving 
the gas-holder, should pass through a regulator be- 
fore it in allowed to enter into the street-mains: by 
this contrivance preserving an uniformity of pres- 
sure upon them and answering the manufacturers 
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purpose. As I shall hereafter have occaBioa to 
speak of the " Regulator," the reader will, in the 
Chapter thereon, hud its description and its 
various uses noticed. 

After what has been already said on the gas- 
holder I shall give a description of such as have 
been used, are now in use, and are proposed to 
the gas-light manufacturer's notice. Square or 
parallelopipedal- shaped gas-holders appear to 
have been most used in the very early stages of 
gas -lighting. The objections against them I 
have already noticed; I shall not add more here, 
save that such are now very rarely erected. 
These were followed by cylindrical ones, but 
with encumbrances of wooden frames, or heavy 
iron stays, which so loaded them as to make their 
action very heavy. After these was introduced 
a gas-holder on a rotary principle. It was in- 
vented by Mr. Clegg, and erected at the West- 
minster gas works, under his direction. The axis 
of this gas-holder is constructed of flanch-pipes 
of ten inches diameter. It is supported at 
each end by carriages and friction segments, 
which relieve it from a very considerable part of 
the friction which might otherwise be expected. 
From this axis radiate towards the gas-holder a 
number of iron stays, which, with wooden braces, 
placed BO as to form triangles, obtuse angled at 
the gaa-holder and acute with the axis, tend to 





ON THE GAS-HOLDER. 

give stability to the whole. To these braces a 
stays the inner circle of the gas-holder is attached. 
The axis of this gas-holder lying horizontal, it 
follows that as it is secured thereto by means of 
the stayK and braces just mentioned, it must, as 
the axis revolves upon its bearings, move with it. 
If we suppose two concentric circles to be struck, 
with pencil lines, the one with a radius of ten 
feet, the other with seventeen, and either divided 
into four equal parts ; then, by drawing lines 
from one circle to the other, radiating from the 
common centre, to touch tlie divisional points of 
one quadrant, and afterwards with the distances 
above-mentioned, drawing in ink three-fourths of 
each circle, so as to meet the radiating lines (the 
lines in pencil being rubbed out), the figure will 
represent the end view of the gas-holder, as if 
the observer stood opposite one end of its axis. 
The length of this gas-holder is thirty-five feet. 
The inner and outer circles (a transverse section 
of which would be exhibited by the figure we 
have just described) are constructed of plate-iron 
in a similar way to the ordinary gas-holders; so 
also are both the ends and the distance between 
the two concentric circles on that side which is 
to the left when the gas-holder is empty. The 
space between these two circles on its opposite 
side is left open for the purpose of allowing the 
water to enter into it, so as to shut off all com- 




niunication between the gas that may have entered 
and the atmosphere, and for the high pressure gas 
to exert itself upon in the action of filling. 

Before the action of this gas-holder is described, 
it will be necessary to observe that the axis is open 
at one end, which is received into a square stufiing- 
box placed at the top of an upright pipe for con- 
veying the gas from the purifier. About midway 
of the axis a pipe branches off in the direction of 
that part which is open, and it is there connected 
to a bend-pipe of the raduis of the outer circle of 
the gas-holder. This bend is received at the 
closed side of the vessel, and it is there open; it3 
other end is closed. This gas-holder works in a 
brick tank constructed so as to form the longi- 
tudinal segment of a cylinder, the diameter of 
which is about thirty-five feet. The depth of the 
middle of the tank being eleven feet, the water, 
when it is filled, will rise about six inches above 
the interior circle of the vessel. At one end of 
this gas-holder is fixed a grooved ring of eight 
feet in diameter, its centre being in a hue with 
the centre of the axis: over it runs a chain to 
which a balance-weight is suspended for the pur- 
pose of forcing the gas out of the vessel, when it 
is wanted for supplying the street-mains. The 
action of this balance- weight is contrary to that 
used for vessels working vertically : in the latter, 
by increasing the balance-weight, the gas-holder 
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works at less pressure — in the revolvio{{ gas- 
holder, should the weight be iucreased, the pres- 
sure will be increased also. 

When the revolving gas-holder is first launched, 
preparatory to being brought into action, the part 
of it which is open is first immersed in water, and, 
as the water rises above the inner circle, it is re- 
ceived between that and the outer ooe. The 
balance-plate:^ being placed in their situation and 
all ihe valves closed, tlie top of the stutiing-box 
at the end of the axis is left partly open, the air 
which had occupied the interior is forced out by 
this means as the weight causes the vessel to 
revolve upon its axis, till the side of it which is 
dosed comes to the water's edge in the tank. The 
gtu(fing-box is then secured, and the gas-holder 
ready for receiving the gas. If then the valve, 
which is placed on the main between the purifier 
and gas-holder be opened, the gas rises into the 
stuffing-box, and passing into the axis is thence 
conveyed by the adjoining pipe and bend between 
the closed side of the gas holder and the surface 
of the water. The pressure between these as 
the gas accumulates causes the vessel to revolve 
towards the left till the open side is nearly level 
with the water to the right. In ihat situation the 
gas holder is full, the valve of supply is then shut, 
and the vessel remains stationary till its contents 
are required for use. When such is the case, the 
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valve allowing it to be discharged being opened, 
the pressure oi the balance-weight forces the gas 
out with the impetus wanted, and, as it empties, 
it revolves to the right, until the closed side is 
brought down to the situatiou it occupied prior to 
the gas being admitted. 

After what has been said on the subject of the 
revolving gas-holder, it may be thought needless 
to add more : — I canuot, however, quit the Biib- 
ject without observing that at the early period 
when this improvement was introduced, it un- 
questionably outstripped all others for answering 
the required purpose. The nice adjustment of 
proportion throughout is such as it would be 
difficult to improve, for if the distance between 
the inner and outer circles had been increased, 
the capacity of the gas-holder would not have 
been enlarged but at the expense of constructing 
a wider and deeper tank. The arcs of the circles 
forming it would have been shortened, and the 
proportions lost altogether. As it is, a gas- 
holder of this description for containing 15,000 
cubic feet occupies a space of but thirty-five by 
thiity-four feet. The tank of a cylindrical gas- 
holder of the same capacity is about thirty-four 
feet ill diameter. The expense of erecting the 
revolving gas-holder with the tank, SfC. complete, 
is Dot more than two-thirds of what would be 
required for putting up a cylindrical one. Its 
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action is in all respects as uniform, and it is as 
little liable to be out of repair. In short, had not 
the improvements in the gas-holder working Tcr- 
tically enabled the manufacturer to construct it 
ax much less expense than formerly, and when 
required to double its capacity upon the same 
base, the revolving gas-holder would before thia 
time have probably been in general use. 

Were it required to ascertain the capacity of 
gas-holders of this description it would be neces- 
sary first to find the area of the circular ring or 
space included between the two concentric 
circles: — The whole process is exemplified by 
the following 

Rdl£. 

Multiply the sum of the diameters of the innef 
and outer circles by their difference, and that 
product by ,7854 for the area of the whole circle : 
as the end of the revolving gas-holder exhibits 
but three-fourths of a circle we must multiply the 
area of the whole circle by 3, and divide the pro- 
duct by 4 for the area of that part — and thia 
quotient multiplied by the length gives the 
capacity. 

Example. 

Given the length of a revolving gas-holder 
(forming three-fourths of a circle) 35 feet, the 
diameter of the inner ring 20. of the outer 34 feet, 
to tind its capacity : — 
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First 34 + 20 = 54 sum 

34 — 20 = 14 difference. 
Then 54 x 14 x ,7854 = 593,7624 the area of 

the whole circle. 
And 593,7624 x 3 - 4 = 445,3218 the area of 

one end of the gas-holder bounded by the 

two concentric circles, and lines radiating 

from the axis. 
Therefore 445,3218 x 35 = 15586,2630 cubic 

feet, the capacity of the gas-holder. 

Plate X. Figure 1, is a representation in per- 
spective of the revolving gas-holder, which being 
compared with what has been already said on the 
subject will not require further explanation. 

I am now to describe the cylindrical gas-holder. 
Plate IX. Figure I, is a vertical section thereof, 
and of the tank, S;c- As the construction has 
been spoken of, 1 have here only to notice the 
particular parts as exhibited. ABCD is a section 
of the gas-holder, EFGH, a section of the tank, 
II, cast-iron flanch-pipes jointed together in the 
usual way as columns for supporting the frame 
KK. Upon this frame are placed carriages for 
bearing the grooved wheels LL, over which runs 
the chain suspending the gas-holder and balance- 
weight M. N is the pipe bringing the gas into 
the gas-holder after it passes from the purifying 
apparatus. O, another pipe similar to the former, 





ON THE GAS-HOLDER. 



by which the ^b is discharged into the mains 
when wanted fur use. It need hardly be re- 
marked that these pipes must rise a few inches 
above the level of the water in the tank, to prevent 
a possibility of water g'etting into them. Upon 
the horizontal parts of the pipes N and O are 
placed valves for shutting off the respective com- 
mmiications when the vessel is full, or when it 
may be desired not to work into it. The Figure 
represents the gas-holder as if it were about half 
filled. Plate IX. Figure 2, represents the plan of 
the gas-holder just described. 

This is the most simple construction of gas- 
holders for working on the ordinary principle that 
has hitherto been adopted. 1 have in some in- 
stances witnessed such immense frame-work for 
supporting the wheels for the chains to pass over, 
as would leave any engineer at a loss to account 
for the principles on which they were constructed, 
Such are attended with great expense, and when 
put up are neither ornamental nor mechanical. 

Mr. Malam, to obviate the necessity of having 
all this heavy frame-work, proposed to erect gas- 
holders working with the specific gravity ap- 
paratus without it : and, to shew the possibility 
of doing away therewith, in the spring of I8I7, he 
constructed a model. If we consider the tank 
and gas-holder to be such as have been just de- 
scribed, the following description will explain his 
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principle. In the centre of the tank he proposed 
to form a cylinder of about four or five feet di- 
ameter, of cast-iron flanch plates, with the flanches 
inwards, so as to present an even surface outside. 
This cylinder was to be made tight to somewhat 
above the height of the tank: it was then to be 
carried by open castings to above the height that 
the top of the gas-holder might rise. The top of 
it was cast with a strong broad flanch, strength- 
ened by vertical flauches underneath it — thereon 
were boiled carriages for supporting two small 
wheels in a right line with each other and with 
the centre of the cylinder. Over these wheels 
run two light chains, by which the gas-holder and 
balance-weights were suspended. It will be clear 
that, under such arrangement, as the gas-holder 
rose out of the water the balance-weights would 
descend in the cylinder I have been describing ; 
and, as it would be sufficiently capacious for them 
to pass up and down in, tliey would be quite out 
of the way, which in many cases is a desideratum. 
The expense of the cylinder would be consider- 
ably less than the most common frame could be 
put up for, and it would answer instead of steady- 
ing columns, without which gas-holders working 
vertically are very liable to swing towards one side 
of the tank, and, falling out of a vertical position, 
to hang, or to work very unpleasantly. 

In a tank of thirty -five feet diameter and eighteen 
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feet deep, the gas-bolder will fauld about 15,400 
cubic feet of gas, when constructed with the 
frame-work, <§c. in the usual way. By Mr. Ma- 
Llwn's arrangement, should the gas-holder be made 
'«f the same diameter, having a cylinder of 6ve 
feet diameter for the balance weights to work in, 
it will still contain 16,000 cubic feet, so that its 
. capcicity is not thereby considerably lessened. By 
I the first cost of erecting a gas-bolder ol 15,000 
lubic feet capacity will be decreased 200 or 250/. 
will, of course, require that the gas-holder 
Ljjliould in this case be made so as to exhibit in the 
Ijdan two concentric circles: one of which would 

Vpe the diameter of the gas-holder, and form its 

^y sides — the other, or interior, that which clipped 
round the cylinder, and of so much greater di- 
ameter as would allow it to slide up and down 

I upon it freely. It would be rivetted to the top 

^^Lpf the gas-holder iu the same way as the outer 
f^i one, and made firm by one piece of angle-iron 
going round its top, and another round the 
bottom. 

But this gentleman, on pursuing his inquiries 
still further, proposed to work the gas-holder 
without using chains or balance-weights ; yet in 
such a way as to have the pressure uniform at 
all its heights; and, to exemplify the possibility 
of the thing being effected, he constructed models 
of differeat dimeusion. By describing Figure I, 
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Plate XI, which is a vertical section of this gas- 
holder, tlie reader will understand the principles 
on which it is constructed so clearly as to render 
it quite tamiliar. The tank for this gas-holder is 
in all respects similar to that used for otliet's which 
work vertically. It is filled with water to the 
height expressed by the dotted Hne B B. C is 
the pipe which brings tlie gas into the gas-holder, 
and D the pipe of exit therefrom. The gas-holder 
EFGH, when of 15,000 cubic feet capacity, is 
constructed of No. 16 wire gauge plate iron. It 
is concave- shaped at the top, in order that if it 
should be erected in the open air, no lodgment 
of water, S;c., may remain upou it so as to increase 
the pressure. From the centre of the bottom of 
the tank rises a cast-iron column I T, of about 
thirty-five feet in height ; this acts as a guide for 
keeping the gas-holder in a vertical position, which 
is effected either by a pipe (whose inner diameter 
is about half an inch more than the outer diameter 
of the column) bolted to the top of that vessel 
inside, and braced to the upper edge thereof by a 
sufficient number of rods as K K, or, otherwise by 
a tube of plate-iron of the same dimensions se- 
cured in a similar manner. At the centre of the 
bottom of the gasholder is placed an air-vessel 
abed, constructed of plate-iron, the top of which 
is to be situated at such a height as tu be level 
with ihe surface of water in the tank when the 
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gas-holder is at its greatest rise 
18 to be of the capacity of such a bulk of water as 
is equal in weight to the actual weight of the gas- 
holder, less the pressure it may be intended to be 
worked at. For finding the dimensions of air- 
vessels, for gas-holders of any capacity, ia sub- 
joined the following 

Rule. 

Given the diameter of the gas-holder, its depth, 
and weight, together with the pressure at which 
it is intended to be worked; also the depth pro- 
posed for the air-vessel to find its diameter: — 

First : — Find the area of the base by squaring 
its diameter in inches, and multiplying that square 
"by the area of unity ,7854. 

If the gas-holder work at one inch pressure, 
'the area so found will be the number of cubic 
Inches of water displaced, consequently, multi- 
plying it by the number of inches of pressure 
which it may be worked at, will give the number 
of cubic inches of water displaced at that pressure. 

Divide the inches so found by 1728, which will 

tduce them into cubic feet. These mtiltipUed 

by 1,000 ounces, the weight of a cubic foot of 

water, gives the weight in ounces, which may be 

reduced into tons, ^c, in the usual manner. 

Subtract this weight from the weight of the 
gas-holder, and the remainder shews the wei^$ 
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of such a bulk of water as is equal in weight to 
(he absolute weight of the gas-holder, less the 
pressure it is to be worked at. 

Reduce the weight last found into ounces, and 
divide by 1,000, the quotient shews the capacity 
of the air-vessel in cubic feet. 

Divide the capacity of the air-vessel just found 
by its depth in feet, the quotient will be the area 
of its base in square feet. 

Now as the air-vessel is cybndrical, to find its 
diameter, say 

As 355 : 452 : : so is the area to the square of the 
diameter. 

The square root of the last result is the di- 
ameter required. 

Example. 

Given the diameter of the gas-holder 33 feet, its 
depth 17 feet, and weight 3 tons 15 cwt. — It is 
to be worked at inch and half pressure, the depth 
of the air-vessel being one foot, to find the di- 
ameter of that vessel : — 

First 33 feet = 390 inches 

Then 396 x 390 x ,7854 = 123163,2864 su- 
perficial inches, the area of a circle whose diameter 
is 33 feet in inches. 
123163.2864 / 1 J = 184744 (nearly) cubic inches 

of water displaced at Ij inch pressure. 
184744 -r 1728 = 107 cubic feet of water nearly 
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107 cubic feet of water is equal to 107000 ounces, 

or to tons 2 19 2 13. 
Then tons 3 15 0.— Tons 2 10 2 13 = 
Cwt. 15 1 15 or 27568 ounces. 

27568 -i- 1000 = 27,568 cubic feet, the capacity 
of the air-vessel. 

27,568 -7- 1 = 27,668, tlie area of the base of 
the air-vessel in square feet. 

To find the diameter, say 
As 355 : 452 :: 27,568 : 35,1, the square of the 
diameter. 

' v^ 35 ,1 = 5,92 nearly, — 
therefore, for a gas-holder of the dimensions and 
weight as above given, and working at inch and 
half pressure, it would require an air-vessel one 
foot deep and five feet eleven inches in diameter. 

A vessel of the size just described would be 
sufficient so to buoy up the gas-holder when full, 
as to allow it to stand at a certain pressure; but 
as it descends into the water in the action of dis- 
charging its contents, its weight would decrease 
from the circumstances explained heretofore, when 
speaking of gas-holders working by weights and 
chains ; therefore, unless the air confined in the 
vessel could in some way be disposed of, the 
pressure would be continually changing. To 
obviate this difficulty, Mr. Malam proposes the 
following appendages to the gas-holder. A pipe 
LL of eight inches diameter, equal in height to 
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the height of the tank, enclosing within it another 
pipe of the same height of two inches diameter, 
marked M in tbe figure. From the pipe M there 
is a communication to the vessel N by means of 
the small bend-pipe e, which rises to nearly the 
top of that vessel. ITirough the top of the closed 
vessel N is brought the vertical pipe A, which 
descends nearly to its bottom and rises to a height 
equal to that of the tank of the gas-holder. This 
pipe is of such a diameter as to make it equal in 
capacity to the water displaced by the gas-holder 
when quite down. 

In forming rules for calculating the capacity of 
the compensating pipe A, and the vessel N, we 
proceed as follows : — 

First, find the circumference of the gas-holder 
thus, as 7 : 22 : : the diameter to the circum- 
ference : — then multiply the circumference by the 
depth of the gas-holder, and that again by the 
weight of a square foot of the material of which it 
is to be formed, adding the necessary weight for 
rivets, and the weight of that part which will be 
immersed in water will be known. 

To find its bulk, say 
A8 the specific gravity of the material of which 

the gas-holder is composed 
Is to the weight last found reduced iuto ounces 
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ThU magnitude divided by the height i 
[npe A, will giro the area of its base. The di- 
ameter of which may be found by the rule already 
ghren for finding that of the air-vessel. 

Example. 

Given the diameter of the gas-holder 33 feet, 
the depth to which it is immersed in water 17 feet, 
the weight of a square foot of the material of 
which it is formed (plate-iron) 2 lbs. lloz. : — ^its 
specific gravity being 7645 — to find the diameter of 
the compensating pipe A, its height being 1 7 feet : — 
First; as 7:22 :: 33: 103,7 the circumference 

103,7 X 17 = 1763 nearly. 
Then 1763 x 2 lbs. 1 1 oz. = 4838 lbs., to which, 
if we add 7G2ibs. as an allowance for rivets, S^., 
we have 5600 lbs., or 89600 ounces, for the wei^i 
of that part of the gas-holder which becomes im- 
mersed in water. 

To find its bulk, say 
As 7645: 5600 :: 1 : 11,72 cubic feet nearly. '' 
11,72 -^ 17 =: ,69 (nearly) the area of tU 
base of the pipe in question. ' ' 

For the diameter, 

JAb 355 : 452 : ,G9 :: ,8785 the square of die 
f diameter 
• ^/ ,8785 = ,937 or 1 1| inches nearly. 
Therefore the compensating pipe for such a gas- 
holder would require to be 1 i 4 inches in diameter. 




As the vessel N is connected by the bend « to 
the upright pipe M, and that to the air-vesBel by 
the pipe O (which rises and falls with the gas- 
holder between the pipes L and M, the space 
being filled with water so as to form an hydraulic 
joint) and the small pipe PP, which runs along 
the top of the gas-holder, and from its centre de- 
scends into the air-vessel, it will be evident that if 
this gas-holder be brought into action, it must be 
prepared for use in tlie following manner. We 
will suppose the gas-holder to be do^vn in the 
tank, which is filled with water. The pipe LL is 
also filled with water to within a few inches of 
the top. Then into the vessel N let water be 
poured by means of the upright pipe A till it runs 
out at the cock/, that cock being situated at such 
a height as will indicate when, by pouring in more 
water, it would descend into the bend e. Things 
being thus prepared, attach the condensing ap- 
paratus to the cock/, which is fitted with a screw 
for receiving it, and inject air till such time as the 
water from the vessel N rises to the same height 
in the pipe A as it is in the tank of the gas-holder. 
When such is the case, part of the vessel N from 
the top to the dotted line g will be filled with air, 
as wiil also the bend e, the pipes M and O, and 
the small pipe P. Whilst this is performing, it is 
evident that the air will be thrown into the air- 
vessel, for if we suppose the water to have risen 
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to the same level in the pipe A that it is in tlic 
tank, there must be the same pressure upon the 
air in the vessel N as in the air-vessel abed, and 
the air will be equally condensed in each. But 
the air-vessel will not then be filled with air, it 
must be considered under like circumstances with 
a vessel of any sort inverted into water. If a 
vessel be pushed or let down to any depth in that 
fluid, then by the pressure of the water some of it 
will ascend into the vessel, but not so high as the 
water without, and will compress the air into less 
space according to the difference between the 
heights of the internal and external water. Should 
the tank be about thirty-four feet in depth, the air- 
vessel would, with such pressure, have the weight 
of two atmospheres upon it, and the air therein 
would be compressed into one half the space it 
would occupy when the gas-holder had risen to its 
greatest height, and the top of the air-vessel was 
level with the surface of water in the tank. This 
compression would in a similar ratio be increased 
or diminished with a greater or lesser depth. 
Considering these points, it follows that the ca- 
pacity of the vessel N must be such as to contain 
a sufficiency of water for filling the pipe A be- 
tween about two inches below the top of the bend 
e, and as much above the bottom of the pipe A, 
when the gas-holder is worked at inch and half 
pressure. The cock / being shut, and the con- 
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densing apparatus removed, if gas be allowed to 
enter into the gas-holder, the vessel will be caused 
to rise in the tank, and as it rises the column of 
water iu the pipe A is depressed, and the air out 
of the vessel N passes into the air-vessel abed, 
thus increasing the buoyancy of the gas-holder in 
proportion to its rise till it has attained its greatest 
height, and then all the air has been discharged 
from the vessel N into the air-vessel. This con- 
trivance is well adapted for keeping up a regu- 
larity of pressure, and so simple is the mode that 
it may on all occasions be recommended. 

There have not been wanting other contrivances 
for working gas-holders by means of air-vessels, 
amongst the rest a patent was obtained by Mr. 
Perks for one of this description ; but, on his 
plan, the air-vessel was closed, and attached to 
the interior of the lower edge of the gas-holder. 
It was 90 constructed, as by the opening and 
shutting of valves to increase or diminish the 
pressure, by the admission of water or by letting 
in of air. 

Another patent was obtained on the 23d March, 
1819, by Mr. John Outhett, residing at No. 10, 
Vauxhall Terrace, Lambeth, for a gas-holder 
working with air-vessels. His plan differs from 
both the former. The vessel for giving buoyancy 
to the gas-holder, being constructed of strong 
materials, is closed, and the air in it condensed to 
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a very coosidereble degree, whilst the other, which 
answers for the compensating apparatus, is open. 
Both these ressels are placed a little above the 
centre of gravity of the gas-holder. 

Mr. Outhett was led to adopt this plan from 
having asceruined, by actual experiment, that the 
buoyancy of air is in an exact proportion with its 
bulk, and not to its quantity ; or, in other words, 
that in ^-essels of the description of which 1 am 
now speaking, if ten cubic feet of uncompressed 
air niil sustain a body in a fluid, it would require 
the same number of cubic feet of compressed air 
to sustain the same weight. As, therefore, the 
air admitted into his open air-vessel, when the gas- 
holder is at its greatest rise, would fill it, it would 
be compressed gradually in its descent, and thus 
compensate for the loss of weight arising from the 
immersion of the gas-holder, by this means pre- 
serving an uniformity of pressure at all its 
heights. This contrivance is, perhaps, the best 
that could have been adopted for answering 
the purpose ; and when the mechanical arrange- 
ment is considered it proves the inventor con- 
versant with those branches of science which 
ought always to be known by such as take a lead- 
ing part in the management of gas-light establisb- 
mente. 

In addition to the list of gas-holders is one of 
Mr. Clegg's invention, with a very shallow tank 
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into which the lower edge is immersed. This 
gas-holder occupies a greater area of base thaa 
Buch as have already been meDtioned. When it 
is full of gas the end view is represented by ao 
equilateral triangle, the bearinga being i'rom the 
angle opposite to the base. This gas-holder is so 
constructed that the sides have a tendency to 
close with each other, and therefore when the 
valve of supply is opened, such tendency expels 
the gas. In this gas-holder it is evident that 
some part of each end must be constructed of 
flexible materials. It is known to the gas-light 
manufacturer by the term " Collapsing Gas- 
holder." 

Were all the different kinds of gas-holders 
which have been proposed to the notice of the 
manufacturer to be mentioned, it would take 
up much time, and answer no useful 4>urpose. 
Enough has been said on those most likely to 
answer the views of the manufacturer, and it will 
be for him to judge of thei rrespective merits, and 
adopt for use that which he may think the best. 
In concluding this chapter, however, I consider it 
right to submit to the manufacturer's considera- 
tion a mode for doubling the capacity of the gas- 
holder without increasing the dimensions of the 
original tank. In works where it is requisite to 
turn the ground to account (particularly when the 
demand for light has increased beyond the ex- 
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pectatioDS of tbe manufacturer) this mode wiU I 
found worthy of attentioii. 

Hr. William Stratton, of Gotter-lane. Cbeai>- 
•ide, ha£ obtained a patent for this invention. Tbe 
tank he proposes is formed of two upright nutges 
of plates at about two feet asunder, connected 
together by plates at the bottom. When this tank 
is filled, it forms a ring of water into which the 
gaft-holders dip. The arrangement requires two 
gas.bolders, of which more will be said hereafter. 
The tank is supported by brick piers, within the 
interior circle of it is left a space equal to its di- 
ameter, which may be used for the reception of 
castings or other heavy stores. The entrance and 
exit pipes to gas-holders constructed on this 
principle, are situated between the inner and outer 
rings forming the tank, and rise between the two 
gas-hol^prs, which are bulged out for the purpose. 
At equal distances round tbe tank are placed four 
columns for supporting a semi-circular-shaped 
frame. Upon this frame are placed two carriages 
for supporting grooved wheels, over which the 
ga£-faolders are suspended. 

For a lank of eighteen feet in depth, the outer 
gas-holder will be about thirty-five feet deep, and 
the inner one about seventeen feet six inches. 
At the centre of the top of the outer gas-holder is 
a stuffing-box through which is introduced a cast- 
iron pipe of about three or four inches diameter. 
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■with a flanch at the bottom, by which it is bolted 
to the top of the inner gas-holder. To the upper 
end of the same pipe is fastened the chains pass- ■ 
ing over the grooved wheels just mentioned, — the 
other ends of which are attached to the top of the 
outer gas-holder. Such being the case, it follows 
that the interior gas-holder acts as a balance- 
weight to the exterior and vice versii. 

If we suppose this double gas-holder to be 
empty, it will be evident that the outer one will 
be about seventeen feet and a half above the tank, 
and the inner one very nearly the same height. 
If, then, gas be allowed to enter, the outer gas- 
holder will rise, and, as it does so, the inner one 
must, of necessity, descend ; because they are 
connected together by means of the suspending 
chains, and therefore the inner one will sink as 
much as the other rises : — so that when the outer 
one has risen seventeen feet and a half, the inner 
one will have descended through a like space, and 
then there will be a space of thirty-five feet be- 
tween the outside of the top of the inner and the 
inside of the top of the outer, and this space will 
be occupied by gas, thus giving nearly a double 
capacity to the vessel acting in the same tank as 
when a single gas-holder is used. The centre 
supporting pipe which has been mentioned, is 
open both, at the top and bottom, so that when 
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Uie double tank is used there cannot be any a|>- 
prehensioD of a lodgment of gas beneath the 
lower gas-holder, as from its levity it will be sure 
of escaping through this pipe should there be any 
leak in the vessel. 

In using this gas-holder, the compensation is 
well effected and the pressure is regular at all its 
heights ; for, by considering the nature of the 
arrangement it will be evident that as one vessel 
rises the other descends; so that if it is constructed 
to work at a given pressure at one height, it will 
be so at all others. 

It may be asked, what advantage is gained by 
the manufacturer constructing gas-holders of this 
kind, beyond that of saving roora ? To which I 
reply, that the reservoir is constructed at a less 
expense than when single vessels are used : for, 
the inner range of tank-plates do not r^^quire to 
be cast so heavy, nor do they form so large 
a circle, whilst one entire bottom and a very 
considerable part of another is saved. With re- 
spect to the gas-holders, it may be said that, 
except one top, there are three used for perform- 
ing the work of two ; but it must be remembered 
that the expense of a gas-holder, when complete, 
bears but a small proportion to that of the tank, 
BO that after all there is a saving of expense. 
However, it is to be understood that the gas- 
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holder now spoken of is more particularly re- 
commended for works where gas-room has follen 
short, than for these which are but beginning, and 
where the manufacturer can take precautions 
against it. 
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The necesuty of adopting eflRectoal mcMB ibr 
drattiDgoff all GommnDicatioii between tte gp»» 
holder and atreet-mainsy aa weD aa fiom one 
nmificatian of main to another, aoggeated Ihe 
propriety of introducing valvea upon the line of 
main-pipea. Thoae originally uaed by the gaa- 
light companiea were alide-valvea^ aimilar to what 
are naed by the water companiea; bn^ aneh haTe 
now been long out of general uae» and hydranlicy 
or pneumatic, valves, or combinations of both» 
have supplied their place. The valve seems to 
have undergone more changes in its structure 
than almost any other part of the gas-light ap- 
paratus ; it appears to have been within the reach 
of most men, and, according to the abilities ex- 
erted it has been altered. In some cases, change 
appears to have been the sole object in view, for 
alterations which did not lessen the expenses of 
construction, decrease the dimensions of the valve, 
or render it more eflFective, could not be termed 
improvements. In far the greater number of 
valves which I have noticed, these defects were 
easily discernible. 




The first species of hydraulic valve was that of 
a square box, to one side of which was bolted a 
flanch socket, and to the other a pipe (somewhat 
similar to the ess pipe) which came beneath the 
bottom of the box, and rose through it to the 
height of about six inches. If it be supposed that 
water is introduced into this valve to within about 
an inch of the height to which the pipe rises, it 
follows that, should the cup be let down over it, 
the gas would have to blow through the column of 
water therein before it could pass through. If, 
then, the gas-holder were worked at two inches' 
pressure, and the depth of water and cup were 
six inches, it would not be probable that the 
valve would fail in its operation. 

For lowering or raising this cup a spiudle de- 
scended through the top of the valve, a stuffing- 
box being placed there to prevent the escape of 
gas; this spindle passed through the top of the 
cup, to which it was attached, and by means of a 
screw, below ttie stuftiBg-box in which it worked, 
the cup was lifted or lowered as occasion re- 
quired. It is evident, as the gas passes through 
the pipe which enters at the bottom of the valve, 
that when the cup is lowered the passage to the 
exit (or flanch socket) at the side is shut off, and 
that when the cup by means of the spindle is 
lifted a passage is effected . 

The great objection to the use of this valve does 
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not appear to be against the principle but the con- 
struction ; for, had the spindle been made stouter, 
and screwed with a strong square thread, the com- 
I plaints arising from its use wuuld perhaps nerer 
^ have been heard of: but. on examining the small 
diameter of the spindle and the fineness of the 
Bcrew, it wilt not appear at all gurpnsiog to find 
the thread strip, or the screw become so rusted, 
as to render it immoveable. Under xucb circum- 
stances tlie valve was no longer useful ; if the cup 
f was down it could not be lifted, and if up it could 
I not be lowered. This valve had, however, a de- 
cided preference over others which have, in 
I some instances, been substituted in its place. 
It was not near so large, and consequently was 
not so expensive : — it was more easily laid down, 
and unquestionably more adapted for general use. 
Of all the preposterous castings that could have 
been thought of, there could hardly have been one 
more out of the way than that which superseded 
the single hydraulic valve. It w^s thrice the di- 
mensions, price, and weight, of the former for pipes 
of the same diameter, and more than double the 
size and price of others which would have been 
equally effective. 

It will not be necessary to take up time in 
describing all the various kinds of valves which 
have been and are now used: I shall describe but 
two, namely, an hydraulic and a pueumatic valve; 
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the former being well adapted for use in the ma- 
nufactory, and the latter for the street-majna. 
Plate X. Figure 2, is a vertical section of an hy- 
draulic valve, invented by Mr. Malam, which is 
particularly useful in the connexions about the 
purifying vessels, and on the works. This valve 
is cylindrical, flanched at top and bottom, and 
cast with a flaoch quarter bend projecting upwards 
from one side, of the diameter required. At the 
bottom is bolted a double cup, which rises to the 
height of the lower part of the bend just men- 
tioned. Through the centre of this cup is an 
opening of the same diameter with the bend. 
This centre part projects a few inches below the 
bottom of the valve, and is furnished with a flanch 
for jointing it to the pipe by which the gas is 
brought into it. Through the bottom of the valve 
is brought a bend of wrought-iion tube, as ex- 
pressed in the figure, which h connected to an 
upright pipe of the same material, rising to the 
top of the valve, for introducing water into the 
double cup. The top o*' this supplying pipe is 
covered with a cap, which is screwed on, save 
when it may be necessary to furnish a supply of 
water. The top of the valve is covered with a 
blank flanch, which is jointed and secured thereto 
by screw-bolts in the usual way. At the centre 
of the top is fixed a stutfing-box, the bottom of 
. which is tapped for receiving the square thread 
1 2 
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lifting-screw. This screw is surrounded by 
wrought-iron case with a thread inside for re*. 
ceiving it. The ease is moveable in the stuffing- 
box, and of sufficient height to allow the lifting- 
screw to rise to the greatest height that may be 
required. It is furnished with two handles, 
which with it serve as a wrench for raising or 
lowering the screw. The bottom of this screw is 
secured to a double inverted cup, as shewn in tht 
figure, and Uierefore that is lifted or lowered withf 
it. The inverted cup is so constructed, as when 
let down to fall between the two circles forming 
the lower one, and thus; if we suppose tbe bottom- 
cup to be nearly tiUed with water, and the upper 
one immersed into it, it follows that the valve so 
constructed is capable of sustaining double the 
pressure of that which is constructed with but a 
single cup, and under such arrangement it will 
not occupy more than half the room of the former 
to be equally effective. 1 

It may be worthy of remark, that the objections 
to the sufficiency of this valve have been most 
fully answered by eighteen months' experience. 
The action and counter action of the inner am 
outer of the lower cups being reciprocal betwe* 
each other, as must appear evident on examini 
the figure, renders it altogether safe. Piate 
Figure 3, is a plan of this valve, which, from whi 
has been said, does not require further descriptioi 
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Plate XI. Figure 2, is a vertical section of Mr. 
Afalam's pneumatic valve, which, from the stuffing- 
box at the top, to the step for the spindle at the 
bottom, is somewhat more than twice the diameter 
of the main on which it is to be used. Thus, for 
instance, from the top to the bottom inside of a 
fourteen inch valve of this description, will be 
about three feet, and in a similar proportion for 
smaller or larger ones. The body of the valve is 
square, as shewn in the plan, a few inches from 
the top of which is at one side a socket, and in a 
direct line with that is placed at the other side a 
spigot, in order that it may be introduced into the 
range of main-pipe as necessity requires. The 
inner faces of the socket, as well as spigot, pro- 
ject about an inch inward, and require to be 
chipped and filed so as to present perfectly plane 
surfaces. Through the top of the valve, which is 
fitted with a stuffing-box, is introduced the spindle, 
in such a way that the lower end of it rests in the 
step at the bottom of the valve, and the boss 
beneath brass couplings, or a collar in the bottom 
r of the stuffing-box. So that when the stuffing- 
box is fitted, and the glan bolted down, should the 
wrench or key be applied to the square top of the 
spindle, it will turn freely round but without being 
raised. If we then suppose the valve to be open, 
as shewn in the figure, there will rest upon the 
bottom two wedge-shaped pieces with their points 
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downwards, and between them the frustum of a 
Bquare. The spindle passes through the latter, 
which is fitted with a screw for receiving it, and 
it is thereby raised or lowered, and the valve shut 
or opened. Upon the centre-piece, at a conve- 
nient distance from the top, ie bolted a spring, 
which is also connected to the side-pieces, so as to 
act between the top of them and the fastening 
bolt. In its natural position it has a tendency 
towards drawing the side-pieces together, and of 
pushing the middle one downwards. This con- 
trivance allows the three pieces to be lifted 
together, without being rubbed against the inside 
of the valve, till the outer pieces touch the top. 
The further ascent of the outer pieces being then 
attested, the middle one continues to be raised by 
the screw till they are completely wedged up 
against the interior of the socket and spigot. 
And as these wedge-shaped pieces are faced with 
cork or leather, the pressure can be carried to 
such pitch as effects an air-tight joint upon each, 
thus etFeCtually preventing the passage of the 
smallest portion of gas. When the valve is in 
such position, the spring will be elongated hori- 
zotitally. and ao remain till the screw is turned (or 
lowering the interior pieces, when it again resumes 
its former form, and thus draws the side-piecea 
towards each other, and pushes the middle one 
downwards. Figure 3, Plate XI. iis a plan of this 
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valve. It exhibits the flanch to which the top 
is bolted, the socket aod spigot shewn in the 
fonner section, and the top of the inner pieces 
with the facings of cork. That this is an etiective 
and simple valve, appears evident from barely 
inspecting the figure. It is of small size, and can 
be got up at a very trifling expense, when com- 
pared with others more generally adopted. 

To say more on the subject of valves here is 
not to the purpose, I cannot, however, refrain 
from making the following observation ; namely, 
that, though amongst the numerous kinds of 
valves which I have noticed, many have betrayed 
great want of talent in the contriver, yet there 
are, at the same time, several, evincing from their 
arrangement not only mechanical ability in the 
inventor, but very considerable ingenuity, and 
such might be used to good purpose. 

Haling said thus much on the subject of valves, 
the next thing presenting itself to notice is " the 
Syphon," but why so called I could never learn. 
Indeed, the gas-Hght manufacturer's vocabulary 
appears to have been arranged without set 
rules for naming any thing, or why call a vessel 
for receiving the condensations from the main 
pipes by such name ; or another, rather different 
in shape, but used for the same purpose, " a tar- 
well." In other sciences, the word chosen for 
expressing the name of a thing conveys the idea 
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of what is meant, and could hardly be mistakeo 
if used in any language. Here the reverse is the 
case; for, should we mix in company with men 
unacquainted with gas-light machinery, and talk 
about syphons and tar-wells, as if in the manufac- 
tory, not one in a thousand would have an idea of 
what was meant, nor is it likely they should. 

Syphons are of two kinds : the larger sort are 
distinguished by their diameters, two, three, or 
four inches, i^r., syphons ; the smaller, which are 
used on the service-pipes, are generally termed 
" gun-barrel syphons," or " bottle syphons, 
The shape of the vessel itself is similar in each 
case, but the furniture and use are different. The 
larger sized syphon is a cast-iron cylindrical 
vessel of about a foot deep, and of the diameter 
inside agreeable to its distinguishing name. It is 
Hanched round the top, and tu thisflanch is bolted 
a blank llanch. Through the centre of the blank 
flanch a hole is drilled and screwed for receiving 
a piece of wrought-iron tubing which descends 
nearly to the bottom, and projects a few inches 
above the top. Another piece of similar tubing 
is bent and screwed also mto the top ; thence, 
rising nearly perpendicular, it is connected to the 
bottom of the main-pipe, Irom whence the water 
of condensation descends by it into the syphon. 
This is occasionally removed by means of a port- 
able pump, which screws upon the upright 





WTOnght-iron pipe for the purpose. Figure 4, 
Piale X. represents a vertical section of this 
Rypbon. 

The gun-barrel syphon is, in shape, nearly 
similar to that just described, but its dimensions 
are much smaller; namely, about eight inches 
deep, and four in diameter. Through the blank 
flanch at the top is introduced a piece of wrought- 
iron tube descending nearly to the bottom, 
generally called " the suck-pipe." On each 
side of this syphon is a piece of wrought-iron 
tube, bent as shewn in the figure. This syphon 
is used upon the service-pipe to answer a like 
purpose there to what the larger one is employed 
for upon the street-mains. Figure 5, PiaieX, is a 
vertical section of the gun-barrel syphon. 

Figure 4, Plate XI. is a section of the tar-well. 
On referring thereto it will be observed that it is 
a cylindrical vessel of about ten inches diameter 
inside, by twelve inches deep, when used upon 
all mains of less than ten inches diameter; but, 
when it is used upon larger mains, the diameter 
of the body of the tar-well must be about two 
inches greater than the diameter of such main. 
This vessel is cast with a socket at one side, and 
a spigot at the other, similar to those of the pipes 
with which it is to be used ; therefore, a tar-well 
with a socket and spigot, similar to a two-inch 





pipe, is called a two-inch tar-well, one for a three- 
inch pipe, a three-inch tar-well, and so oo. 

From the condeasation which takes place in 
the main, it is found necessary to lay the lai^ 
pipes, as well as the smaller, or service-pipes, 
with a small declination ; in order that tlie coii- 
densations may, from the inclined position de- 
scend to the lower parts, and there the syphons 
and tar-wel)s are placed for recei\ing them. 
Over each of these vessels is placed a wooden 
hlock, bored out at the centre, and fitted with a 
cast-iron bush and lid at the top, for the purpose 
of unscrewing the cap of the suck-pipe, and con- 
necting the pump when that is required to be 
used. 
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CHAPTER XV. 



On the lading down of Matn-Pipet in the Streets, the 
Arrangement of LHameters, and Hemarla thereon. 

Had not some cases presented a great want of 
attention in the mode of arranging the street- 
mains, I should not have considered it necessary 
to have written on the subject of laying them 
down. It would strike the most superficial ob- 
server, as contrary to reason, were he to observe a 
water-pipe of two inches bore laid for supplying 
one of six or eight inches diameter, and the latter 
another of still greater. But, absurd as the 
system may be, a similar one has been resorted 
to for laying the street-mains from some of the 
gas-light establishments. We can only account 
for it from considering that the formation of the 
principal establishments was at a very early 
period of the science, when the extensive range 
of main-pipes which are now laid could hardly 
be contemplated. 

A very few years ago, had any one adi'anced, 
as his opinion, the possibility of lighting, from 
one gas manufactory, a combination of streets of 
many miles in length, he would have been looked 
upon as little better than a madman. Indeed, 
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when the gas was first conveyed to the distance 
of about half a mile from the manufactory it was 
considered as a wonderful performance. At that 
time, a gas-holder of twenty thousand cubic feet 
capacity was held up for admiration : but, such 
have been the rapid advances in the science, we 
no«- talk of those that are of twice the capacity 
as of things with which we are quite familiar. 

A more just, and, at the same time, striking, 
exemplification of the mode of arranging the 
street-mains can hardly be found than by com- 
paring their various ramifications to the veins in 
the human body. In it, those wiiich are near the 
heart are of large diameter ; but, as they branch 
off, they decrease in size, till, at the extremities, 
they become so fine as hardly to be perceptible. 
The arrangement shews the wisdom and goodness 
of the Contriver, and reads us a lecture, from 
which, even on such a subject as this, we can 
gather information. We can easily perceive that 
the arrangement is good, although in our practice 
we frequently forget to benefit from those hints 
which Nature is ever giving us. They are over- 
looked from being common. 

In the business before us, the first object that 
the operator ought to contemplate should be the 
whole range of streets that he intends to light 
from his manufactory. He should furnish him- 
self with a plan of them on a large scale. He 
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will next ascertain, as near as possible, the pro- 
bable number of lights required in each street, 
and their descriptions. From thence he will 
gather the quantity of gas to be supplied for one 
hour's consumption ; and, consequently, for any 
other specific period. These points being estab- 
lished, he will naturally cause the first range of 
mains, laid down from the works, to be of such 
diameters as to give areas equal to all the pipes 
which branch immediately from them : and he 
will, when it is practicable, let his pipes branch 
off with a curve in preference to a right-angle : 
At the same time, he will bear in recollection that 
should he lay down a ten-inch valve, for supply- 
ing a fourteen-inch main-pipe, he can hardly 
expect that main to fill easily unless he increases 
the pressure of the gas-holder. 

It may be considered as a general rule which 
should never, in practice, be deviated from, that 
the supplying valve be, in capacity, equal to the 
pipe proceeding from it. When such is not the 
case, the gas meets with an cj^struction which is 
more particularly felt when the mains are to be 
first filled ; and which operates more or less, ac- 
cording to circumstances, ever after. 

The pipes branching off from the largest size of 
main admit of such a number of smaller ones 
being connected with them as are jointly equal in 
area to the supplying ones, and those of still 




smaller under a like arrangement; till, at 1 
from the fourteen-inch main (one of wliicb is 
hardly equal for the supply from works where, in 
the winter months, about thirty chaldrons of coals 
are carbonized daily), the street-mains are reduced 
to a diameter of not more than two inches, — the 
smallest size of cast-iron pipe in use. 

Before entering upon the more particular in- 
structions for carrying this kind of work into 
effect, 1 shall give a short description of the 
various kinds of cast-iron pipes used, and the 
method of connecting them. 

Plate XII. Figure 1, is a longitudinal section of 
the socket-pipe, or, as it was formerly, and is 
now sometimes, called, the spigot-and-faucet pipe. 
This kind of pipe is what is in most general use. 
In the early stages of the science of gas-lighting, 
it was objected to, particularly when the joints 
were made with lead, under an idea that the 
galvanic action between the lead and iron would 
soon cause the joints to be leaky, and that the 
danger of leaks would be increased from the un- 
equal expansion of the two metals ; but these 
ideas have, from extensive practice, been entirely 
done away with ; so much so, that no other than 
socket-pipes are now ever laid for street-mains. 
These pipes are jointed together by means of 
melted lead. The process is as follows: — The 
workman, having introduced the spigot end of 
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one pipe into the socket of the pipe adjoining, 
passes two or three turns of gasket, or spun-yam, 
rouDd it, and forces it up with his caul king- iron. 
This being done, he makes a roll of clay, of a 
sufficient length to go quite round the pipe; and, 
passing it underneath it, he forces it, close up to 
the edge of the socket, quite round, and joints it 
at the top, taking care to leave an opening there 
for pouring in the melted lead, wluch he has 
ready for use. Thiugs being thus arranged, he 
takes a sufficient quantity thereof in his ladle and 
pours it into the socket, by means of the opening 
just mentioned, till it is entirely tilled, which is 
known by its rising to the top of the clay. As 
soon as it la cool, the clay is removed, and he 
proceeds to make the next joint in a similar 
manner. After making two or three joints, and 
allowing the lead to become quite cold, it is set 
up by means of a caulking tool and mallet, and 
thus, joints perfectly air-tight are formed. It 
will be evident to the reader, that the diameter of 
the socket must be larger than the diameter from 
outside to outside of the spigot, in order that it 
may contain a sufficient body of U-ad to act as a 
wedge between the one and the other. For pipes 
of all diameters between four and twelve inches, 
we may set it down, as a general rule, tliat this 
opening should be, at least, equal to one-eighth of 
their diameter inside. The depth of the socket 
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is a thing whidi is also to be considered ; for, if 
that be not in proportion to the diameter of the 
pipes, it can hardly be expected that there will 
be sufficient support between them. If we sup- 
pose the surface of the spigot end of one pipe, 
and the inside of the adjoining soclcet to form 
concentric circles, the distance between them, as 
well as the depth of the sockets for pipes of from 
two to eighteen inches diameter is exhibited in 
the following 
Ji.. "■■-. -■' TABLBi': ■- ..'-.;-..i«ri-/*n<i(! 
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The centres of the adjoining pipes must be 
brought into a line, by means of tlie gasket first 
used, before the lead is attempted to be intro- 
duced ; for, should such precaution not be taken, 
the body of lead will not be equal throughout, and, 
consequently, more liable to become leaky than 
when the joints are made in a workmanlike 
manner. 

Roman cement has recently been adopted for 
making good the joints of socket-pipes, and, as 
far as tried, is found to answer the purpose. In 
making the joints, according to this method, all 
that is required is, to bring the centres of the 
adjoining pipes into a Hue ; and then to introduce 
the cement, just mixed, between the socket and 
spigot, by means of a blunt instrument forcing it 
up, so as to entirely fill the cavity. The property 
of this cement is such as to cause its bulk to be 
increased by drying ; consequently, it is forced 
into the pores of the iron, and gives that compact- 
ness which effectually forms the joint. It has 
been proved, by experiment, that cast-iron pipes, 
thus connected together, are less liable to be 
broken at the joint than in any other part. 

Figure 2 is a view of socket-pipes when joined 
together. 

Figure 3 is a longitudinal section of flanch- 
pipes, in which the manner of connecting them 
together is shewn. The joint is made air-tight by 
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introducing rope-yam, or any pliable material, 
and iroQ-cement between the flanches, which are 
screwed up by means of the bolts and screw- 
nuts. 

To make iron-cement for this purpoee, take 
jron turnings, or borings, and pound them in a 
mortar till they are small enough to pass through 
a fine sieve : then, with one pound of these 
)}orings, so prepared, mix two ounces of sal am- 
moniac in powder, and one ounce of flowers of 
sulphur, by rubbing them well together in a 
mortar, and afterwards keep the mixture dry till 
it may be wanted for use. When it is so, for 
every part thereof, by measure, take twenty parts 
of iron borings, prepared as above-mentioned, and 
mix them well together in a mortar, or other iron 
vessel. The compound is to be brought to a 
proper consistence by pouring water gently over 
\t as it is mixing ; and, when used, it must be ap- 
plied between the flanches by meaps of a blunted 
caul king-iron. The affinities between the ingredi- 
ents being such as to cause a degree of action imd 
reaction amongst them, and also between them and 
the surfaces of the iron flanches, which ultimately 
causes the mixture, and these surfaces, to become 
a species of pyrites, cohering together with con- 
siderable strength and compactness. 

Figure 4 is a view of flanch-pipes joined to- 
gether. 




Figure 5 represents what is called a " branch- 
pipe." It has a socket at one end and spigot at 
the other, between which a pipe branches off 
with a curve ; and, according to the diameter 
thereof, it is called a two, three, four, or tive-inch, 
^c, branch-pipe. Its use is to lead off from the 
larger mains, into streets at right-angles to them. 
The pipe itself being of like diameter with the 
larger main, and the branch answering to the 
socket of that which may be laid from it. When 
a pipe of this description has a branch from each 
side, it is called a double branch-pipe. 

Figure 6 is a cast-iron pipe for the same pur- 
pose as the Conner; but, instead of branching 
9Ut with a curve, the pipe leads off at right-angles. 
Pipes of this description are termed " outlet- 
pipes.'' 

Figure 7 represents what is called a " diminish- 
ing-pipe." It is used when it is required to de- 
crease the diameter of the range of main-pipes. 
The socket at one end answering to that of the 
larger main, and at the other for receiving the 
spigot end of the smaller. 

Figure 9 is a bend-pipe. It is called a quarter- 
bend, eighth, or sixteenth-bend, as it forms such 
part of the circle of the radius with which it may 
be struck. 

Figure 8. When a pipe is cast so as to form a 
double bead, or somewhat to resemble the Roman 
u 2 
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letter S, it is called an " ess-pipe." The uses of 
this and the former are too obvious to require anj 
explaDation. 

It is sometimes necessary to make a junctioit 
between the spigot ends of two socket-pipes. 
This may be effected by means of the thimble- 
joint, as exhibited in Figures 10, 11, and 12; or 
by a double socket, which is a short pipe of some- 
what greater diameter inside than the outer dia- 
meter of the pipes to be connected : it is brought 
over the pipes to be joined in a way similar to 
what is expressed ia the thimble-joint (Figure 12), 
and jointed with gasket and lead, in the ordinary 
manner, or by means of iron-cement. 

When it is required to carry a smaller maio 
from a larger one already laid down, a part of the 
main pipe has, in some instances, been cut out, 
and a branch-pipe introduced ; but this is more 
easily effected by tapping tbe main ; and, by 
means of castings which clip round it somewhat 
like the thimble-joint, one of which, being cast with 
a pipe of the diameter wanted, attached thereto, 
allows others to be connected to it; thus answer- 
ing the end required at much less expense and 
with less trouble. 

Thus, having described the various kinds o£ 
pipes, I shall make a few remarks upon those 
which are generally used for the conveyance of 
gas. It would appear reasonable to most readen, 
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that the maia-pipes for the purpose might, with 
safety, be constructed much slighter than pipes of 
like diameter for conveying water : instead of 
such being the case, the prevailing practice seems 
to countenance the use of pipes, in all respects, 
as stout as what are used by the water-compa- 
nies, and to prove that they will sustain a pres- 
sure equal to what is required for water-pipes, 
although the internal pressure in gas-pipes is very 
seldom more than an inch and a half. From the 
depth at which they are generally laid, there can 
be no apprehension of accident from external 
pressure : and, as to their durability, their situa- 
tion, when laid down, precludes almost all possi- 
bility of their oxidizing. We might naturally ask, 
then, what end is answered by their being so 
constructed? To such a question it would be 
difficult to give an answer. It cannot be to re- 
sist either the internal or external pressure, nor 
from an apprehension of their durabihty being so 
considerably diminished, from their slightness, as 
to require the mains to be relaid at a much more 
early period. 

To enable the reader to form an idea of the 
strength of socket- pipes used by some of the gas- 
light companies, I subjoin the following Table: — 
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9 9 
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16 3 



On the weights specified in the preceding 
Table, I am to remark that tltey may generally be 
considered as about one-sixth greater than is ab- 
solutely required. 

With respect to the sizes of mains for convey- 
ing gas from the works. 1 have, from the results 
of numerous experiments, ascertained the quan- , 
titles which will pass through pipes of different 
bores from two to eighteen inches. 
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TABLE, exhibiting the Number of Cubic Feet of 


Gas passing through Pipes of different Diameters 
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After vfat has been already adTaseed, tbe 
nadcr «B one be n wBot of daufardetenmiiii^ 
tbe «n» flf mmimt r c quii ed far works where the 
ifaamAf of £m to be dailv used is known. I 
^aU, tbere&xc, pcooeed to make a few obsemi- 
tisHS aatkelayii^ down of Bain-pipes, whkli it is 
■iVliiiMllilf ahoBld be most strictly atteoded to. 
Ib a fimoer diapter it was observed that a con- 
siderable condeaeatioo was effected to the main- 
pipes : — lT. therefore, these were laid perfectly 
bodaootal. they would with difficulty be kept 
dear of water. To fecilitate the getting rid of 
eondcDsaiioos it is necessary that the pipes should 
be laid with a &11 of about an inch in twelve yards' 
run. By this means it would follow, that for 
every 150 yards there would be a fall of about one 
foot: — if then the first 150 yards of main-pipe be 
laid with such inclination, the next similar length 
of pipe would rise with a proportionate asceot. 
Under such an arrangement the water of conden- 
sation would fait to the lowest part, and a syphon 
or tar-well being there placed, would receive it; 
and thus the pipes would always be kept clear of 
such a quantity of water as might impede the 
passage of the gas. Were this rule at all times 
slricliy attended to, the introduction of many 
sypbous and tar-wells on the range of main-pipes 
might often be dispensed with. In some cases, 
the very uneven surface where the pipes are laid 
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will not admit of such practice, but it may fre- 
quently be observed, that a want of care, as to 
this matter, on the part of the pipe-layer, i» 
Btrikiiigly evident. 

When the levity of gas is considered, it is by 
no means surprising to find with what celerity it 
finds its way to the higher part of the maios. So 
striking is the effect, that it raust have attracted 
the notice of the most superficial observer; for in 
some situations in this metropolis, which are very 
remote from the manufactory, when there has 
been an abundant supply of gas, others much 
nearer have had but a very feeble light. If it 
were asked, from whence did such variability 
' arise, I should state that the more distant were 
situated on much higher ground than the nearer, 
and that, from such circumstance, the gas would 
naturally have a tendency to press towards such 
points. 

This levity of the gas has been particularly ob- 

I served in some of the theatres; for it has often 

■been remarked there, when the lights to the lower 

Ptier of boxes have burnt very feebly, those near 

the top of the house have required to be turned 

down. The thing is so plain that it speaks for 

itself. Considering then the tendency which gas 

I has to ascend, what are we to think of the dia- 

L meter of the pipes being increased when placed in 

1 elevated situations. It is evident that with a 
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aouller pipe there would be an ample supply of 
gas, therefore the laying dovi-n a larger one caa 
only tend to increasing expenses where they 
might be avoided. 

When towns are to be fighted with gas which 
vary considerably in their lerel, it will always be 
necessary to lay pipes of bu^r diameter in the 
lower parts, gradually decreasing them as they 
proceed towards the more elerated, and dee verm, 
if it be intended that the gas should issue from 
burners in both situations with the like impetus. 

In concluding this chapter I am to observe, it 
has as frequently happened that complaints of a 
want of gas have arisen from ill arranged tines of 
main-pipes, as from want of power at the works. 
The subject requires the most serious attention of 
the manufacturer, for although pipe-laying has 
hitherto been considered as work fit only for 
common men, perhaps there is no arrangement 
connected with the gas-light establishment which 
requires more powerful abilities for carrying it 
profitably into effect. 
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CHAPTER XVI. 

On the Service Pipes and Pitttngs-up, with the Sizes nml 
DeKripliom aj Burners in general Use. 

The whole of the apparatus from the retort to 
the gas bolder being ready for use, and the street- 
mains laid, the mauufacturer will necessarily be 
induced to think of obtaining a return for the 
money be may have sunk: — to do this his gas 
must be brought to market. It is supposed that 
previous to his commencing any part of his works, 
he had ascertained what householders were de- 
sirous of using the gas-light, and the number of 
burners each might want. If, however, such in- 
formation had not been obtained, which would 
certainly have been a great oversight on his part, 
it is now high time for him to ascertain it. This 
being done, he must prepare to bring the gas into 
the houses by laying the service-pipes. These 
are wrought-iron welded tubes, of about three 
feet in length, screwed at one end, and furnished 
with a screwed socket at the other, so that two or 
more lengths may be easily connected together so 
as to be perfectly gas-tight. But as it seldom 
happens that the service-pipe can be brought in a 
straight line from the street-main into the house 
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By consulting the table at page 295, Chapter 
XV., it will appear that a pipe of a quarter of au 
inch bore is sufficient for supplying four Argand 
burners, each consuming five cubic feet of gas per 
hour. Whence then has originated the idea of lay- 
ing a three-quarter inch service-pipe for supplying 
most shops having more than two lights. It has 
been established beyond the possibility of doubt 
that tw-o such burners will not consume more than 
about ten cubic feet of gas per hour, and a three- 
quarter inch pipe, if left open at one end, the 
other being connected to a gas-holder working at 
inch pressure, would permit 250 cubic feet of gas 
to pass through it in the like time. If such sized 
service-pipe is necessary, it must be under an 
idea that the gas-holder is to be worked at so 
light a pressure as will inevitably cause every 
customer of the manufacturer to complain of his 
lights : — such as are situated upon the lower part 
of the mains will get no light from their burners. 
This mode of procedure must ultimately fail, for 
complaints will ari^e which no increased size of 
service-pipe or fittings will remedy ; and it will be 
in vain for the manufacturer to throw blame upon 
the fitters-up, for these will rebut the charge by 
observing that when fewer lights were used, the 
very fittings complained of were more than ade- 
quate for the supply of gas wanted. They may 
perhaps go a step farther, and say, Work your gas- 




ON SEaVICE-PIPES. 303 

and the burner, fall off to a sixteenth of an inch, 
or perhaps less, the effect will be very nearly the 
same as if such diameter had been continued from 
the main-pipe. To set aside this mode of reason- 
. ing, it has been advanced that the larger size of 
tubing is beneficial inasmuch as it lessens the 
friction. It must be allowed that such mode of 
argumentation in some measure holds good ; but, 
when the operator goes a step beyond that, and 
causes the consumer to remove all his fittings 
under a pretence that they are too small — yet 
afterwards allows a gas-cock, with a sixteenth of 
an inch aperture, to be placed upon the larger 
ones, he certainly has led him into expenses 
which were unnecessary, and founded upon prin- 
ciples altogether absurd. 

Every one burning a gas-light has it in his 
power, at one time or another, to observe that a 
gas-cock with one-sixteenth of an inch aperture, 
is amply sufficient for supplying one Argand 
burner of the size generally used in shops; — for, 
although at certain times, when it is opened to its 
full bore, the light emitted may be feeble and bad, 
yet there are times when, if he were to light it, be 
would be compelled to decrease the aperture to 
less than half, by turning the plug of the cock, to 
keep the flame below the glass. It may be set 
down then that an insufficient light is, in many 
cases, owing to a want of power at the manu- 
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factory. This, however, is not always the case: 
in some instances a want of light is owing to the 
fittings-up being badly executed ; but, as it is the 
manufacturer's duty to look into that before he 
furnishes a supply of gas, such defects argue 
either want of abilities or inattention in the per- 
sons he may employ as inspectors ; for if the 
service-pipe be laid properly, and the fittings-up 
sound, such thing could hardly ever happen. The 
joints on the service-pipe ought to be perfect, as 
well as those on the copper-fittings inside. The 
lengths of the latter should invariably be con- 
nected together by means of the union-joint which 
will be hereafter described; and there ought not 
under any pretence to be a joint allowed to pass 
the inspector, which is effected by means of soft 
solder, or where white lead has been used. Such 
kind of joints are less expensive in the first in- 
stance, but much more so in the end. The union- 
joint admits of a facility in xmconnecting the 
work, should it at any time be found necessary, 
and for soundness it can be well relied on. 
Joints otherwise made are subject to be leaky, 
consequently offensive; and in the event of any 
obstruction arising in the pipes, they are trouble- 
some and expensive in unconnecting. They ought 
in all cases to be exploded. 

The tubing for inside fittings most in use is 
made of copper — this ought to be with the joint 
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folding over (or, what is generally called " lap- 
over-joint") for the facility of bending it ; which 
jump-joint tubing will not allow of. The weit^hts 
ot different sized copper tubing are expressed iu 
the following 

TABLE. 



Trtictionut ])ui 



Weight pel 
foot iu Ounc 
A*oirdupoi!t, 



The following directions for laying service- 
pipes, and relative to fittings-up, have been sug- 
gested, viz. : That the size of mains leading into 
houses should be three quarters of an inch in 
their internal diameter, for any number of lights 
under fifteen : but, when that number of lights 
were used, or the service-pipe was required to 
be a hundred yards in length, it should be in- 
ereased to one inch. This has, again, been fur- 
ther defined by fixing the diameters of the service- 
pipes required for any number of lights from four 




to one hundred, at from six to two hundred yards' 
distance from the strect-maius. 

TABLE, shewing the Diameters of Set-vice-Pipa 
necessary for supplying different Numbers of 
Lights, when situated at different Distances from 
the Street-Mains. 
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Inch. 


liO 


73 


li 




soo 


100 


2 





The service-pipes should be of such material 
as has been already mentioned ; and it will be 
highly advisable to give it a good coating of tar- 
varnish, preparatory to its being used. In some - 
cases, lead-pipe has been introduced, but this 
ought never to be immediately connected to the 
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street-main, nor used except where it can be pro- 
tected from injury and well supported. The fall 
with which the ser\'ice-pipe» as well as the inter- 
nal fittings, are laid, ought not to be less than 
about a quarter of an inch for one yard in length 
of pipe. 

It frequently occurs that the brass-work, though 
appearing of good quality, is very defective, 
and the tubes thereof so small as considerably to 
impede the passage of the gas : indeed, in some 
cases, brass-work has fallen under ray observation 
with apertures of not more than one-twentieth 
part of an inch. It is necessary that particular 
attention should be paid for preventing such 
being put up; and it would be to the manufactu- 
rer's interest were he to cause all of it to be exa- 
mined by the inspector before it is allowed to be 
fixed. The gas-way in the moveable joints should 
also be carefully noticed. 

In leading off from the street-mains, it would 
be well to follow the mode proposed for the 
larger pipes, that is, by allowing the service-pipe 
to branch off with a curve instead of a straight 
line ; and so, also, towards the respective burners: 
for, whatever may have been said of elbow-joints, 
no one would think of introducing them when a 
bend could be used without disfiguring the work ; 
but there are cases where the elbow would come 
X 2 
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in and look better; in such it may be used, but in 
no other. 

In making further observations upon the kinds 
of pipe used by different fitters-up, it may be 
noticed that, in some cases, sheet-iron brazed 
pipe has been recommended : others liave pro- 
posed lead ; whilst others, again, have made use 
of copper tubing lined with lead : but, perhaps, 
taking every thing into consideration, none will 
be found more likely to ansvi^er than " lap-over- 
joint" — copper tubing. It is connected without 
difficulty, it is easily bent to any shape that may 
be wanted ; and, for inside work, it is very 
durable. It docs not answer so well as iron 
tubing for streetlights, or in any place where it 
IB exposed to the weather. For such purposes 
■one is so serviceable as wrought-iron welded 
tubing; which, though it may be more expensive 
at tirst, is, in tlie end. far the cheapest. 

Having said thus much on the subject of the 
service-pipes, and filtings-up, I am now to de- 
scribe the variousy/^«r(.« exhibited in P/a/t XIII. 
In doing so, 1 am to observe, that, as the descrip- 
tion commences with the burners now in use, 
some notice should, perhaps, be taken of the pro- 
gressive improvements in the manufacture of that 
article, till brought to its present state. In tha 
more early period of tlie science of gas-lighting; 
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the burner appears to have been merely a brass 
tube closed at the top, and drilled with one, two, 
or three, small holes, so as to exhibit single, 
double, or treble, jets of flame ; nor was it till 
some time had elapsed that the Argand burner 
seems to have been adopted. Tliis, in its first 
stage, was constructed of two concentric circles 
of brass or iron closed together at the bottom, and 
a small slit left open roniid the top, from whence 
the gas escaped, and there it was ignited. These 
were rudely shaped and ill proportioned. When 
used without a glass to prevent the percussions 
of the air which rushed towards the flame as the 
surrounding atmosphere was taken up, the flame 
was very unsteady, and. tapering upwards, ex- 
hibited the appearance of a con.e. Some altera- 
Lions were afterwards made in the construction 
of the burner, and a perforated cap was aflixed 
to its buttom. It was also drilled with holes 
round the top for the gas to escape through, in- 
stead of the slit above-mentioned. These, and 
various other modifications, were attempted by 
different workmen ; but it was not till experience 
had fully proved it, that it was thought necessary 
to make the opening at the centre of the burner, 
and the distance between tlie exterior thereof and 
the glass, of equal areas. To have an uniform and 
agreeable flajne, this rule must invariably be at> 
tended to. Of all glasses used for burners, the 
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cylindrical one seems to answer the purpose best. 
With it, the flame is of the same diameter from 
top to bottoDi. Such effect caonot be obtaioed 
with glasses of different shape, the reason of 
which is too obvious to require explanation. 

Plate XIII., Figure 1, exhibits a vertical section 
of the Argand shauk burner. This burner ia 
nsed when the fittini^^s are brought towards it in 
an horizontal direction. It will be observed that 
it is constructed of two concentric circles of metal, 
joined to a small tube, near the bottom, at one 
side, for screwing upon the bracket or other 
fitting. These two circles are connected together 
at the top by the circular steel plate, as shewn at 
Figure 2, which is drilled with the number of 
holes wanted. Figure 3 is a vertical section of 
the Argaud crutch-burner. The body of this 
burner is similar, in all respects, to that of the 
shank-burner ; but. as it is intended to be used 
at the top of an upright pillar, the tubing is joined 
to the bottom, in a crutch-formed shape, from 
whence it derives its name. The reader cannot 
fail, from a mere inspection of the figure, to ob- 
aerve the proportion of parts maintained in its 
construction; but, to give him further exptaaation 
on the subject, I shall subjoin the dimensions of 
the particular parts of the body of the Argand 
burner, whether shank or crutch, now most 
used. 
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Dimensions of tlie No. 4 Argaiid burner, or of 
that wliich, when burnt in shops from sun-aet till 
fline o'clock, is charged 3/. a-year for : 

Outer diameter of top -f^ of an inch 

Inner diameter of top. ... J-f „ 
Diameter of circle of holes ^ „ 
Diameter of each hole . .. Vy 
This burner is drilled with 12 holes, -^ of an 
inch from centre to centre. 

Diameter of the bottom of this burner ^ of an 
inch. 

The bottom is bell-mouthed inside, as shewn 
in the figure. 

Height of this burner, 1 inch and ■^. 
Distance from the top to wiere the glass-holder 
is supported, 1 inch. 

Dimensions of the No. 6 Argand burner, or of 
that which, when burnt in shops from sun-set till 
nine o'clock, is charged 4/. a-year for : 
Outer diameter of top .... 1-'^ inch. 

Inner diameter of top ^ J of an inch. 

Diameter of circle of holes ^ 
Diameter of each hole . . ^V " 
This burner is drilled with 15 holes, -^ of an 
inch from centre to centre. 

Diameter of the bottom of this burner l^ inch. 
The bottom is bell-mouthed inside, as shewn in 
the figure. 

Height of this burner, 2 inches. 
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Distance from the top to where the glass-liolder 
is supported, 1-^ inch. 

Figure 4 is a plan of the top of the street- 
burner, and Figure 5 is a vertical section thereof; 
the dimensions of which are as under, viz. : 

Diameter of the top, -^ of an inch. 

Drilled with three holes each, ^t of an inch in 
diameter, and {- of an inch asunder. 

Length of burner, l^inch. 

Figifre 6 is a \'ertical section of the bats-wing 
burner. This burner is made of steel. In it is 
drilled a liole of about -^ of an inch in diameter, 
to within a small fraction of an inch of its top, 
from whence la a slit across the burner, falling 
about half-way of its length. When the gas is 
turned to the burner, and ignited, it exhibits itself 
in a flame somewhat similar to the shape shewn 
in the profile, Figure 7. From this shape of flame 
it has derived its distinguishing appellation. 

Figure 8 is the profile of a burner from whence 
issues a single jet of flame. 

Figure 9. — Profile of a burner yielding three 
jets of flame. 

Figure 10 is the section of a fancy burner pro- 
ducing eight jets. 

Figure 1 1. — Section of the union-joint and tube 
for connecting. As I have already noticed the 
utility of this contrivance, it is but justice I 
should here remark, that it was introduced to the 
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notice of the giis-li^lit manufacturer by Mr. John 
Perks:— Figures 12, 13, and 14, are profiles 
tliereof. Figure 12 shews a part of the copper 
tubing : at the end which is intended to be intro- 
duced into the socket, is soldered, or screwed, a 
brass collar. Figttre 13 is the socket, tapped for 
receiving: the adjoining length of tubing, upon 
which is soldered a screw fitting into it. This 
part is shewn by Figure 14. When the joint is 
to be made, the workman introduces the tubing. 
Figure 12, through the socket, Figure 13, so that 
the collar may rest against the bottom of the 
socket. Upon this is placed a leather collar, 
similar to Figure 15, and upon this, again, is 
screwed the tubing shewn at Figure 14. It is 
evident, when this is screwed up, that the joint 
will be perfectly gas-tight. 

By examining the bat's-wing burners exhibited 
at Plaie XIII., Figures G and 7, it will be seen 
that they are screwed round the bottom, outside, 
for the purpose of connecting upon a socket. 
When the tubing, to which they are to be attached, 
rises vertically, the upright socket. Figure IC, is 
screwed upon the top of it. This socket is 
tapped at each end, the larger screw being that 
which is joined to the tubing when connected; 
the smaller one receives the burner. But, when 
the tube of supply lies in an horizontal position, 
the eibow-socket, Figure 17, is substituted for 
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the former. This socket is also fitted with two 
screws similar therewith. 

Figure 18 exhibits a brass cross, used in form- 
ing connexions. It is introduced when the 
fittings branch off in three directions. To form 
the junctions therewith, four union-joints would 
be required. Each point of this cross is furuished 
with a screw, similar to that shewn at Figure 14 
of this plate. These screws are intended for 
answering a like purpose therewith. 

Figure 19 shews the brass tee-piece. It is 
used when the fittings branch off in two direc- 
tions. There are provisions made in this for 
joining with the tubing, similar to those described 
when speaking of the cross, and the joint is made 
good in the like manner. 

Figure 20. — A brass bend used upon the fittings- 
iip. Each end of it is fitted so as to connect with 
an union-joint. 

Many devices might have been here introduced 
of pillars, brackets, pendants, chandeliers, can- 
delabras, ^c, but they would only swell up the 
work without increasing its usefulness. In the 
present stage of the science, there are as many 
as would fill a volume ; for now, every fitter-up 
is furnished with a variety of patterns. 





Of all the improvements which have been added 
to the gas-light apparatus, perhaps, there is not 
one of greater importance to the maoufacturer 
than the gas-meter. If used between the purify- 
ing-vessels and gas-holders, it measures and re- 
gisters the quantity of gas fit for use which may 
be generated ; — if between the gas-holder and 
street-mains, the quantity of gas supplied for use 
from the station is ascertained, and if constructed 
on a smaller scale and hxed in the houses of the 
respective consumers, it points out the number of 
cubic feet of gas that each may have burnt in any 
given time. These are the uses which the manu- 
facturer would at first sight consider as most 
beneficial ; it has, however, several others, which 
will be spoken of hereafter. 

Before going into detail on the uses of this 
simple piece of machinery, it may not be unm- 
teresting to the reader should the history of its 
origin be given, and the various changes it has 
undergone, till brought to its present form. The 
general mode of charging the customers of the 
different gas-light companies for light is at a cer- 
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tain sum per annum for burners of given dimen- 
sions, burning from sun-set till nine, ten, or eleven 
o'clock, ^-c. But this mode neither answers the 
end of the supplier or consumer. The former ia 
left in a great measure at the mercy of the latter, 
and it by no means uofrequently happens that one 
person uses nearly twice the quantity of gas which 
is used by another from the same sized burner 
and in the same time. The evil rests not here— 
the consumer contracting for light till nine o'clock 
sometimes burns it much later; and, although 
oflScers may be appointed to inspect and report 
upon such mal-practice, they will be found in^ 
sufficient to prevent it. 

They have no authority to enter into private.- 
houses, and therefore in such where would be the 
check against an improvident use of gas ? Even in 
Buch places as are open to inspection, it would be 
no easy matter to induce the consumer to abide 
by the terms of his contract as to the height of 
flame to which he ought to adjust his burner; — 
for although experience might prove that a flame 
of two and an half or three inches in length emitted 
the greatest proportion of light, and that light free 
from smoke or smell — yet, notwithstanding, in- 
stead of such being attended to, the stop-cock 
would be opened to its full bore, and the flame 
allowed to rise to a length of from six to nine 
inches. When such is the case, and how very 





OS THE GAS-METER. 

frequently it is so every person passing along Ihe 
streets of the metropolis in the evening must ha%'e 
noticed, a great quantity of gas is allowed to escape 
through the burner without being consumed — and 
this consequently passes off in smoke, which not 
only tends lo blacken the cielings, but to cause a 
disagreeable smell. Thus the consumer of gas, 
either from ignorance or ill nature, has it in his 
power to waste as much gas as would be sufficient 
lo supply twice the number of lights he might 
have : — and. under such circumstances, it be- 
comes a subject of very serious consideration to 
the manufacturer to check the evil. 

Tlie idea of selling the gas by measure, instead 
of the very inaccurate method of disposing thereof 
by the time of burning and size of burner, seems 
to have originated with the Chartered Gas-light 
Company in the year ISIS — for, in the latter end 
of that year, or very early in the ensuing one, 
Mr. Samuel Clegg, who was at that time its en- 
gineer, constructed a gas-meter of the following 
description: — To a wooden frame were attached 
two small cylindrical vessels, in which worked 
two gas-holders, each containing, we will say, for 
the sake of speaking of a specific quantity, one 
cubic foot. The pipes supplying these gas- 
holders were connected to the gun-barrel leading 
into the hou&e where the meter was to be usedl 
By means of a beam and a mercurial valve, the 





action was as follows: — The gas being turned on 
from the street, filled one of these gas-holders ; 
and whea it became so, the beam acting upon a 
smaller one attached to the valve, shut ofl' further 
supply from the one that was full, and opened a 
communication to the empty gas-holder as well as 
to the pipe supplying the burners. By the time 
this second gas-holder was full, the gas in the first 
was consumed, and therefore it was down in the 
tank, and the other being full, performed the 
action of change as the former had done when id 
its situation — thus they alternately filled and 
emptied themselves, and the number of times 
they did so was pointed out by an index, which 
consequently shewed the number of cubic feet of 
gas that had passed through the meter. Had this 
answered the end in view, it would doubtless have 
been adopted : — the process in theory appears 
simple, and likely to do so; but, if we examine 
the nature of the valves and the nicety of work- 
manship necessary, we shall not be surprised to 
see it fail in practice. Jt did so after very con- 
siderable expenses had been incurred in endea- 
Touring to bring it to perfection, and much time 
■pent upon it, and it was ultimately thrown on 
one side as altogether useless. 

Mr. Clegg next attempted to make a gas-meter 
having a rotary motion, instead of a vertical one. 
It consisted of a cylinder divided into several 



ON THE GAS-METEn. 



319 



chambers, revolving on a hollow axis, enclosed in 
auother which served as its case. For this meter 
he obtained a patent, the specification of which 
is given in the thirtieth volume of the Repertory of 
A}-ls, second series*, to which the reader is re- 
ferred for its description : it is probable he will 
find some difficulty in understanding its action ; 
for, perhaps, for a thing which we shall in due 
time find performed by a method exceedingly 
simple, and beautifully mechanical, nothing of a 
more complicated nature could have been thought 
of. The various ramifications of scrolls, and the 
friction arising from the axis of this meter, that 
being in stuffing-boxes, were both highly objec- 
tionable ; and, when we consider the light pressure 
■with which it was to work, we shall be surprised 
to find, under such circumstances, that it ever 
made one revolution. These were not the only 
objections against it — it was too large to be in- 
troduced into the shops of tradesmen in general, 
who seldom have much room to spare; and, al- 
though it was put up in some places where many 
lights were used, it failed in performing so as to 
be relied on, and was in consequence removed. 

"When Mr. Clegg quitted his employment as 
engineer to the Chartered Gas-light and Coke 
Company (on the 1st April, 1817}, the most im- 
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I meters were from necessity i 
with stuffing-boxes, and although be had dune 
anay with several of the sltoUs shewn in the 
drawing attached to his specification, he had still 
t»'o left in each chamber. Indeed so far was he 
from appearing to contemplate any other mode of 
introducing the gas into the meter than by a 
hollow revolving shaft, that he had meters so 
made up to that very time. On the 4tli April, 
1817, Mr. John Malam submitted a drawing of his 
meter {similar to that shewn by Figures 3 and 4, 
Plate XIV.) to the committee of works of the 
Gas-light Company's station at Peter-street: — 
on the 7th of that month he exhibited a model 
thereof before them, and put it in action. Previous 
to the 13th of the same month Mr, Clcgg appears 
to have heard that Mr. Malam was making gas- 
meters, for on that day he wrote to Mr. Malam to 
guard him against infringing upon his patent; but, 
from the tenor of Mr. Clegg's letter, it appears he 
had then no distinct idea of Mr. Malam's plan, 
for he observes the shutting off the gas may he 
effected in various ways, that is to say, " by valves 
or sealing the pipes with water." If the reader 
examines the figures representing Mr. MaJam's 
gas-meters, he will find there is not a valve in 
either, and also that there are no pipes to be 
sealed with water. 

Under such circumstances it cannot but be 
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astonishing to find on Mr. Malam's subnaitting his 
meter to the Society of Arts, in March 1819, lliat 
Mr. Clegg came forward to dispute the priority of 
invention. It would not become me to enter into 
detail on the proceedings which took place before 
the Society on this occasion ; let it suffice to say 
that after a committee there, composed of some 
of the most eminent chemists and engineers in 
this or any other country, had for eight hours 
patiently investigated the business, they formed a 
resolution) stating Mr. Malam's gas-meter to be 
new, ingenious, superior to other gas-meters, and 
likely to be of great benefit to the Public, and 
awarded him their gold medal for his invention. 
But in consequence of some opposition made 
when this resolution was brought before the So- 
ciety, the subject was re committed, and under- 
went another eight hours' ordeal, from whence it 
was sent again to the Society with the same re- 
solution and the same reward : — and on the 28th 
April, 1819, the Society voted Mr. Malam their 
^ gold lais medal for his invention. 

Before entering upon the description of Mr. 
Malam's gas-meters, I am to observe that many 
months before he was employed by the Gas-light 
Company, he suggested to me the idea of making 
a ga&-meter on the principle of Archimedes' screw: 
indeed, he made a small one on that plan in the 
beginning of the year 1816, having the L-shaped 
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pipe of supply and receiving-chamber ; but which 
was not brought into action till a much later period, 
and, when it was so, it was found to answer the 
purpose of a gas-measurer to admiration. '7 

Description of Mr. Malam's Gas-Meier. 

Plate XIV. Fig. 4, is a section through the axisi^ 
and /i^. 3 a section across the axis. AAAAy 
Fig. 4, is the outer case of this meter, withim 
which the interior cylinder B B B B, with the 
chamber C C attached thereto, revolves upon the 
pivots ab — the former pivot {a) being attached Xty 
the inverted pipe D, which brings the gas int*i 
the chamber C C, from whence it is conveyed b; 
the openingB abed. Fig. 3, into the inner cylind- 
A B C D, in rotation, as each of the said openinj 
rises above the level of the water expressed by" 
the dotted Une in Fig. 3, and that marked c. 
Fig. 4. 

To each side of the outer case is attached a 
vessel, of the breadth of the meter, which risea-' 
nearly from the bottom to the height of the 
water-line in the interior. These vessels are for 
the purpose of introducing the necessary quantity 
of water into the meter, there being an opening 
into the outer case within them, which will by 
them, of course, he known; — for, as soon as the' 
water rises above the height with which the 
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ter is intended to work, it will run over the tops 
of these vessels. The openings at the top are 
secured by small brass plugs, which screw into 
them : — they are kept closed when the meter ia 
io action. Whenever it may be desired to empty 
the water from the meter, the introduction of a 
small syphon through the opening to the bottom 
of the vessel, the plug g being removed will ac- 
complish it. 

In front of this meter is a small vessel of semi- 
circular shape, rising rather more above the centre 
of the meter than the water in the interior. It is 
fiUed with water to form a joint, and through it is 
brought the pivot b {Fig. 4), on which, as an axis, 
is Bxed a small pinion, or a crank, which, acting 
upon the necessary wheel-work, points out the 
number of revolutions made by the meter, or ex- 
presses by pointers, on a plate for the purpose, 
the number of cubic feet of gas that has passed 
through it. 

This meter being unencumbered with stuffing- 
boxes, and revolving upon small pivots, is very 
little impeded by friction — and the water, rising 
above the centre, so eflectually seals it as to jHre- 
clude the possibility of a loss of gas, 

The inverted pipe D conveys the gas into the 

chamber CC, Fig- 4, and thence by the opening 

flicrf, Fig. 3, into thecharabers ABCD, the pressure 

of which between the surface of the water and the 

t2 





divisional partitions, causes a rotary motion ; an< 
therefore, it follows that in one revolution every) 
part of the interior cylinder must be filled witlfc 
gas. The capacity of that being known, the- 
quantity in cubic feet, or any other measure, ie. 
known also. 

E is the exit-pipe which conveys the gas to the^ 
burners when the meter is used for ascertaining 
the quantity of gas consumed in a house or other> 
building, (§■£. ; or for conveying it to the gaa-, 
holder when it is constructed on a large scale foi 
ascertaining the quantity of gas generated. 

On referring to Fig. 3, which shews the divi 
sional arrangement of the meter, the entrances t< 
and exits from the inner cylinder, we shall see it^ 
action more clearly. Supposing the gas to bo 
turned on, and the stop-cock opened which con- 
veys it from the outer case when the opening a is 
just above the water. The opening d being at 
the same time above the water, that part of the 
chamber D which is above the water, will be first 
filled with gas, and the meter will be put in mo-, 
tion towards the left hand till such time as the 
opening of exit from that chamber 4 rises above 
the water, when the gas which it contains will be 
allowed to escape into the outer case. But before 
the opening of exit 4 rises above the water, the 
opening of entrance d, into the chamber D, will. 
have sunk beneath the water, and consequently,. 





as the gas escapes from that chamber into the 
outer case, its place will be occupied by the 
water entering into it at d, as well as by the 
centre, which allows a communication of water 
between all the chambers equal to its level. 

The opening of exit 4 having risen above the 
level of the water, the chamber D, as we have 
already observed, is gradually filled therewith ; 
but before it is so, the chamber A will have been 
filled with gas, and the chamber B also nearly 
ready to discharge itself; for, almost as soon as 
the opening of exit from the chamber D has risen 
above the water, the chamber A will, by the 
opening a, be nearly half filled with gas, and the 
opening b to the chamber B, will be ready to rise 
above the water also. The motion of the interior 
cylinder being uniform, the exit 1 will next allow 
the chamber A to commence emptying, which will 
not be entirely accomplished till that chamber 
has sunk beneath the water at the left hand side 
of the meter — the gas at the time entering at 
b into the chamber B till that is filled, and the 
exit 2 opened by its rising above the water: — 
before that takes place, the chamber C com- 
mences filling, and does so gradually by the 
opening c till the exit 3 is opened, and, when that 
is the case, the chamber D will be in the same 
Bituation as when the opening of entrance a was 
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juBt rising above the water, as has already be^ 
described. Having described the action of this 
meter through one entire revolution, it would be 
but a repetition of the same thing to go further 
into detail, and it would be entirely useless to do 
BO ; for, if the reader strike a circle upon a card, 
with the radius of that circle which forms a sec- 
tion of the outer case of the meter. Fig. 3, and 
copy the seciicm of the interior cylinder A B C D 
of the same figure, connecting the two centres 
together by a small pin, to represent the pivot on 
which it works, he will have a simple n»odeI of 
the gas-meter. Let him then fasten a silk thread 
across this model, at the height shewn by the 
dotted line, which will represent the height of the 
water therein : — then, if he moves the inner circk 
gradually from right to left, he cannot fail to un- 
derstand its action. 

It may not be improper to remark, that such 
part of the space between the concentric cirdes 
formed by the interior cyhnder and the externa) 
case will, of course, when the meter is in actm 
be occupied by gas a,bove the level of the water; 
and therefore the motion of the inner cylinder will 
have a velocity in proportion to the diameter of 
the exit-pipe, or the orifice supplymg the buroen. 
Thus, lor instance, if a meter of sufficient capacity 
to supply ten ligbu be used to supply oae light, t 




will, in the latter case, make but one revolution 
on its axis, whilst it would have made ten ia the 
former. 

The meter as above described, on being tried, 
was found to answer every purpose that was re- 
quired; it was much more compact and simple 
liian any which had before been attempted, and, 
in short, it wds as great an improvement upon the 
patent gas-meter as could well be expected. But, 
notwithstanding its advantages, the inventor was 
desirous of making one to occupy even less room 
than it did; and as he could not decrease the dia- 
meteroftheinteriorcylinder, he adopted the follow- 
ing method, which completely answered his pur* 
pose, and upon this plan he has made several gas- 
meters, some of which have uow (April 1819) 
been in action nearly two years, and all of them 
have been perfectly accurate in their performance. 

Description of Mr, Malams improved Gas-meter. 

Instead of there being a chamber C C, as de- 
scribed in Fig. 4, attached to the interior cylin- 
der, for the purpose of receiving the inverted pipe 
D, the chamber in this improved meter is at 
the centre, see Fig. 1. By this contrivance the 
meter, of which Fig. 2 is a section, will be one- 
third less from A A than one of the same capacity 
made on his first plan, Fig. 4. These two sec* 
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tions, being of meters whicli, in one revoIuti6D7 
allow equal quantities of gas to pass through 
them, and they are laid down from the sanie 
scale. 

The outer case A AAA, — the inner cylinder 
BBBB, — the entrance-pipe D, — the exit-pipe 
E, — the water-line c, &c.y Fig. 2, being the same 
as already described at pages 322, 323, 324, and 
325, preceding, a repetition of their uses, Sfc, here 
would be unnecessary, 1 shall, therefore, turn to 
Fig. I. EF is a section of the chamber intd 
which the inverted pipe D conveys the gas. 
ABCDarethe chambers into wliich this meter 
are divided, and are a range ofg^s-holders acting 
with a rotary motion instead of a vertical one, 
These gas-holders receive the gas by the open- 
ings abed, and discharge themselves into the 
outer case by the openings in the rim of the in-^ 
terior cyUnder 1, 2, 3, and 4. 

Now, supposing the opening a to be just at the 
top of the water, and the stop-cocks which allow 
the gas to enter into, and to discharge itself from, 
the meter to be opened ; the opening d being 
above the water, will allow that part of the 
chamber D, which is unoccupied by water, to be 
filled with gas; the expansion of which, between 
the surface of the water and the divisional par- 
tition R, will cause the interna! cylinder to move 
on its axis towards the left, which motion will 
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bring the opening a above the water ; and, as 
that rises, the chamber A will be emptied of ^ 
water, and the space which the water occupied 
will be filled with gas. Whilst this is doing, and 
prior to the opening b rising above the water, the 
opening of exit 4 will have allowed the gas 
to escape, from the chamber D, into the outer 
case. The gas will, at this time, be exerting 
itself through the opening a, between the surface 
of the water and the divisional partition S, till the 
opening I is unsealed. The chambers B and C 
undergo the like operations, till the opening a is 
in the position first described, and, when it is so, 
the interior cylinder will have made one entire 
revolution. 

1 would here, also, as on a former occasion, 
recommend the reader to project a circle upon a 
card, with the radius of that circle which forms a 
section of the outer case of the meter. Figure \, 
and copy the section of the interior cylinder 
A B C D of the same figure, connecting the two 
centres together by a small pin to represent the 
pivot on which it works. Let him fasten a silk 
thread across this model, at the height shewn by 
the dotted line, which will represent the height 
of the water. If he then moves the interior 
circle gradually towards the left, it will make the 
description given more intelligible. 

It would be very natural to conceive that when 
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a gas-meter, such as I have described, was 
brought forward, and proved to act uniformly (as 
this has been for so long a time) it would be 
adopted by the manufacturers of coal-gas, if not 
for the purpose of ascertaining the quantity of gas 
consumed in the houses of their different custom- 
ers, at least for shewing them the quantity of gas 
generated, — a thing of very considerable import- 
ance, on which the existence of an establishment 
very materially depends, and which may be 
sought for, in vain, by calculations made on the 
rise of the gas-holder in a specific time. For, 
whoever may have been at all conversant in 
making such calculations, must be aware what 
very imperfect data he has for doing so. Indeed, 
if the heights of the gas-holders be correctly 
taken at the beginning and end of each charge, 
there may be a probability of coming at some- 
thing near the truth ; but, unless he attends to 
this himself, fabricated statements may be made 
to him, and, coosequeutly, the results of all his 
calculations will be erroneous. 

To come at the exact quantity of gas generated 
during twenty-four hours, appears somewhat 
difficult, when we consider that, though in the 
summer months he may have two or three charges, 
according as the retorts may be worked, to calcu- 
late upon, yet, in the winter months, when thrice 
ttw quantity of gas is generally made, he will 
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never have more than one charge to calculate 
upon in one day ; for the valves will be open into 
the street-mains more than sixteen hours out of 
the twenty-four. When such is the case, what 
means can he have for knowing what the retorts 
are doing? He cannot be aware of the exact 
quantity of gas going out from the gas-holder; 
and, consequently, by no rule can he ascertain 
what is going into it. The only means he would 
have would be that of working into gas-holders 
fio connected that the one into which the retorts 
were working should always be shut off from 
supplying the street-hghts whilst it was filling: 
but in such case the trouble would be very con- 
siderable, and the additional exjienses of valves 
and connexions, setting aside gas-holders, ten 
times as much as would erect a meter for fier- 
forming what was required, and for doing 90 
without any trouble beyond that of examining 
the dial at stated times. 

If we reflect upon the uses of this meter, we 
cannot fail to observe, amongst others^ that it 
would be a constant check upon the stoker, and 
we must be aware, that in such case only a very 
material advantage is gained : fur, from idleness 
or inattention, he may possibly neglect bis fires, or 
not charge his retorts properly during the night. 
"In the former case, the heat of the retorts wiU be so 
much decreased as to fail in extracting tttc gas 
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from the coal in a proper time, which can only 
be remedied by firing them so high as to endanger 
the retort, and very considerably to injure the 
fire-work: but this he will do prior to the hour 
when the heat of the retorts may be likely to be 
inspected by the principal stoker, or other per- 
son, whose office it may be to examine them. 
With such a check, then, as the meter, constantly 
upon him, he would be compelled to be attentive 
to the performance of his duty. Instead of the 
retort being worked at bo low a heat as to leave 
a, great quantity of gas unextracted from the coal, 
when it was drawn, such a circumstance would 
never happen; for, as the meter had registered, 
during the day, the quantity of gas generated 
from a given quantity of coal, in a certain time, 
so would it also during the night. Of course it 
would be necessary that the dial, on which such 
quantity was shewn, should not be accessible to 
any person, save the principals of the concern, or 
to him who kept the diary of carbonizing. 
' ' In large works, where the street-mains are very 
extensive, and the hghts numerous, it not unfre- 
quently happens that burners, particularly in the 
streets, are left open during the day, allowing 
atmospheric air to pass into the different ramifi- 
cations of pipe, whilst the valve, through which 
the supply of gas is given, being shut, takes ofiF 
the pressure of the gas-holder from them. From 
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such circumstance, a very considerable evil arises; 
that is to say, when the valve is opened, the at- 
mospheric air is driven by the pressure from the 
works towards the ends of the mains ; and, till 
the whole of that is extracted, all the lights near 
such situations will not burn for aa hour or two 
after the opening of the valve, save with a pale 
blue flame yielding hardly any hght. 

To prevent such from beiug the case, recourse 
is sometimes had to a method which altogether 
prevents it from being known what quantity of 
gas is generated. I here allude to having an inch, 
or, perhaps, a two or three-inch-main, constantly 
open to the street-mains, by which the pressure 
from the gas-holders overcomes the action of the 
atmospheric pressure, and prevents air from en- 
tering into them. But, with such contrivance, 
where will any customer find a difficulty in ob- 
taining gas whenever he may be inclined to use 
it? The quantity of gas passing through this 
pipe of supply, differing according to circum- 
stances, is as much against any calculation for 
ascertaining the quantity of gas generated as if 
the main valve was open also ; therefore we must 
have recourse to some method different from cal- 
culation for ascertaining it. Under all the cir- 
cumstances of the case, is it not surprising that, 
save at the King's Mint, and one or two places in 
the country, no such thing as the gas-meter has 




334 



ON THE GAS-METEH. 



been used for that purpose. In the larger estab* 
lishments, where, of course, the gas-meter would, 
in proportion, be more usefid, it has not been in- 
troduced ; nay, even those wiio appear to have 
first seen its utility in theory have failed to bring 
it into practice. 

Before speaking of the value of tfris invention 
when applied for ascertaining the quantity of gas 
consumed in houses where gas is used, I have to 
point out another of its uses which would be a 
great saving of expense to the manufacturer wbo 
purifies his gas by the means of lime, either in 
Solution or as a semi-fluid. By its being pot up 
near the purifying vessel, it may be made to work 
^te agitators, — a method far more certain than 
trusting to manual performance. It is of very 
considerable importance that the agitators should 
never remain at rest ; but, when the manufacturer 
has to trust to a labourer's constantly turning 
the winch (which, in the night-time, particularly, 
he may neglect to do for an hour or two without 
much chance of detection) he cannot be certain 
that the lime has continually been kept from 
settling to the bottom of the vessel ; for, should 
the person who is put to work the agitators, fall 
asleep, or, from idleness, let them stand, the gas 
will soon have but little lime to act upon, and 
will, therefore, in consequence, pass into the gas- 
holder in a very impure state. But, if a meter 
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were applied for the purpose, such could not 
hapden ; for, whenever gas was passing through 
the purityiug vessel, it would from thence pass 
Oirough the meter also in its way to the gas- 
holder, giving it a constant rotary motion, which 
might be communicated to the axis of the pinion 
driving the wheel, on the axis of which the agi* 
tators are fixed. 

If the gas-meter is used for driving the agitators, 
it may, at the same time, be employed for mea- 
suring and registering the number of cubic feet of 
puri6ed gas which pass into the gas-holder. It is 
clear that, if the meter be used as a moving 
power, the gas will be therein compressed ia 
proportion with the resiutanceit meets with. But 
in this case, the purifying vessel is worked with 
a mixture, the density of which is nearly equal at 
all times. If, therefore, the meter be fitted with 
proper wheel- work for shewing the number of its 
revolutions, the manufacturer has only to ascer- 
tain, by a series of experiments, what number of 
revolutions the meter makes for conveying a 
specific quantity of gas into the gas-holder. 
Having taken their mean, let him construct tables 
shewing the number of cubic feet equal to the 
number of revolutions from one to as high a 
number as his establishment may require. Then, 
by examining the dial of his meter, and finding 
the number of revolutions made, if with that 
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number he enters his tables he will find, by in- 
spection, the number of cubic feet sought for. 

Rule 

For ascertaining the power, <^'c. of the gas-meter, 
if applied for the purpose of working machinery. 

" The whole momentum or quantity of force of a 
moving body, is the result of its quantity of mat- 
ter, multiplied by the velocity with which it is 
moved, and upon this principle it is easy to com- 
pute the power of any mechanical engine." 

Having ascertained the pressure at which your 
meter is to work, and the number of revolutions it 
will make in any specific time, to find what weight 
it would raise to a given height in the same time. 

For the sake of example let us proceed to find 
the power of the meter, of which Figs. I and 2 
are sections. It makes two revolutions in a 
minute, and is worked at an inch and a half 
pressure. 

The diameter of the interior cyhnder is 16 ins. 
The diameter of the chamber of supply is 6 
The breadth of the interior cyhnder is 8 

Bisect Be at / and g respectively. The dis- 
tance from / to g will be the diameter of that 
circle, which, if made a pully, and attached to 
the side of the meter, would support a weight 
equal to the area of the chamber Be. Be in inches 
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multiplied by the weight of water pressing upoa 

each square inch : or by the pen thus : 

BB being 16 ins. -r 2 = 8 ins. the radius of the 

circle, ee being 6 ins. -r 2 = 3 ins. the radius of 

circle forming the chamber of supply. 

Then 8 — 3 = 5 the distance from B to e : — one 

half of which 2^ ins. is the distance from B to /, 

or from e to y^— if it be doubled and added to the 

diameter of the chamber of supply, it will give the 

diameter/^ =11 ins. 

To find the circumference of that circle, say 
As 7 : 22 : : 11 : 34,57142 inches, 
therefore it follows that to such height (viz.: — 
34,57142 inches) the weight would be raised every 
revolution. 

To find what the weight raised to the height 
as above stated by one revolution of the gas- 
meter would be. 

Multiply the breadth B B 8 ins. by the depth of 
the chamber Be 5 ins., and that product again by 
the weight of 1| cubic inches of water, thus : 

8 X 5 = 40 the area of B e B e. 
one cubic inch of water weighs 9,26 drams avoir- 
dupois, consequently 9,26 

and 4,63 



13,89 = to pressure on every 

square inch. 
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Then 13.89 x 40 ^ 16 = 34,725 oz.* avoii- 
dupois, and this weight will be raised 69,14284 
inches in a minute. 

Having ascertained the power of this meter, 
should we be desirous of knowing what propor- 
tion it bears to that of a man, we are to recollect, 
that, a man turning: a horizontal windlass by a 
handle or winch should not have above 30lbs. 
weight acting against him if he is to work ten 
hours a day, and raise the weight at the rate of 
three feet and a half in a second. 

From the above data he will raise 30 lbs. 210 
feet high in a minute and 12600 feet high in an 
hour: — or, he will raise 6300 Jbs. I fool high in a 
minute and sixty times that weight one foot high 
m an hour. 

But, when machinery is driven by a perpetually 
moving power, it will appear that whatever power 
would raise a weight of 30 lbs. 2 10 feet high every 
minute during the whole twenty-four hours, would 
perform as much work as 2,4 men could do in the 
same time; for, it has been already stated that 
one man could not work longer than ten hours a 
day with such resistance, therefore such machine 
would in power be equal to 2,4 men. 

Under these circumstances a man cannot be 
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said to raise a weight of 30 lbs. more than 87,5 
feet high in a minute; or, 2625 lbs. one foot high 
in the same time. 

To compare the power of the meter with that 
of a man, there being given 

2,17 ibs. avoirdupois the weight raised 
5,762 feet high in a minute by the meter, 

and 
30 lbs. avoirdupois the weight raised 
87,5 feet high in a minute by one man : — 

say by the double rule of three 
lbs. Feet. Meter. 

If 2,17 5,762 I 

30,00 87,5 

here the blank falling under the third term, multi- 
ply the first two terms together for a divisor, and 
the last three (or a dividend ; the quotient arising 
from them will show the number of such meters 
it would require to raise 30 lbs. 87^ feet high in a 
minute. 

Thus 5,762 x 2,17 = 12,50354 the divisor 
and 87,5 / 30 / 1 = 2625 the dividend. 
Then 2625 -^ 12,50354 = 209,9 the number 
of meters of the above dimensions working at the 
pressure and velocity as already stated that it 
would require to perform the work of one man. 

Before quitting this subject, I shall give an ex- 
ample of the mode of ascertaining the dimensions 
of a gas meter for a targe eatablisfament, capable 
z3 
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fore, as that quantity is produced in the time the 
meter is making one revolution, it follows that 
such (45 cubic feet) must be the capacity of the 
meter. - 

Then, for the breadth of the meter, — first, 
find the area contained between the two concen- 
tric circles forming the chamber and the Interior 
cylinder, thus: 

for the inner chamber ,7854 x 2 x 2=3.1416 feet, 
fortheinteriorcyHnder,7854x 7x7 = 38.4846 feet, 

then, 38.4846-3,1416 = 35,3380 feet, the area 
between the two coucentric circles already men- 
tioned. By which, if we divide the capacity of 
the meter, we shall for a quotient, have its 
breadth : thus, 

45-^35,3380= 1,27 feet ; or, in round numbers, 
say 15 inches. 

Next, to find the diameter of the pulley, which, 
if attached to the side of the meter, would sup- 
port a weight equal to the area of the chamber, 
multiplied by the weight of water pressing upon 
each square inch. 

Tlie radius of the interior cylinder is 42 inches, 
„ chamber of supply is 12 „ 

Difference.. 30 
I to which add. 

The diameter of the chamber of supply 24 

the sum 64 inches 
i IB the diameter of the pulley wanted. 





tiply the first two terms together for a divisor, 
and the last three for a dividend ; the quotient 
arising from them will shew the number of such 
meters it would require to raise 30 lbs. 87j feet 
high in a minute : 

Thus 24,416x28,2857 = 690,6236512, the 

divisor, and 87,5 x 30 x 1 = 2625 the dividend. 

Then, 2G25-f-690,6236512 = 3,8 the number of 
meters of the above dimensions, working at the 
pressure and velocity, as already stated, that it 
would require to perform the work of one man. 

The diameter of this meter has been stated to 
be seven feet ; it would, therefore, follow, that its 
breadth must be about fifteen inches, to allow 
forty-five cubic feet of gas to pass through it 
during one revolution ; but, perhaps, the best pro- 
portion between the diameter and breadth would 
be, the former to the latter as five to two, and in 
smaller meters as two to one. 

There is but one more remark to make on the 
subject of the meter, when used as a moving 
power ; it is, that a meter, such as has just been 
described, of sufficient strength to last seven 
years, might be constructed and fixed up at a 
cost not much exceeding 30/. ; and this meter 
would perform the work which employs two 
labourers, whose wages could not be less than 
eighteen shillings, each, per week; or together at 
the rate of 93/. 12^., per annum. 
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The interest of 30/. — the exjiense of puttingT 
i meter, being, at 5 per cent., \l. Ids. : we have 
Ibr that sum as much work perlbiTiied as by 
manual labour we should have to pay 93/. 12j. 
for; consequently, there arises a saving of 92A 2». 
'per annum--, or of 644/. 14i-. in seven years, the 
time which the meter has been estimated to last. 
I come now to speak of the meter when applied 
br the purpose of measuring and registering the 
J quantity of gas consumed in the different houses 
i^where gas-lights are used. In doing so, 1 hope 
omake it appear that the adoption thereof would 
be equally beneficial to themanufacturerand to the 
consumer of gas. The forniel-, as I have already 
Btated, by charging for light according to the dia- 
L jneter of flame and time of burning, cannot make 
I k charge to his customers that is uniformly cor- 
rect. That such mode is most fallacious, experi- 
ence must point out to him ; for, though he may 
i estimate, — nay, prove, liis burners to consume a 
feertain quantity of gas in a given lime, when pro- 
Jrerly adjusted, and, on delivering them out, make 
his charge accordingly ; yet they will no sooner 
be out of his hands, but the person using them 
May, if he chooses, allow a much greater quantity 
of gas to pass through them: and it will be well 
if the manufacturer, at the year's end, finds his 
rental in reahty much more than two-thirds of 
what he may have estimated the gas produced in 
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that time to be worth. As I have already spoken 
somewhat at large upon the disadvantages whicH 
the usual mode of charging for light is subject to, 
in the beginning of this Chapter, 1 shall make 
such further observations upon it as are necessary, 
and then endeavour to prove that the evils result- 
ing therefrom would be entirely removed by the 
application of the gas-meter. 

It has been stated, but without much shew of I 
reason to support it, that, unless there he som^ 1 
contrivance appended to this meter for preventing] 
the gas from passing through it, in the event of I 
leakage in the outer case, or water being drawi ] 
oiF by the consumer, — it will not register cor- ] 
rectly, and that frauds might be practised with- 
out fear of detection. Further, that in many 
cases the water is liable to such a degree of 
evaporation as to reduce it so low as to allow the 
gas to pass through the meter without being 
registered. 

In replying to the latter, I am to observe that, 
as far as relates to my own experience only, I can 
speak to the fact. A small gas-meter, of Mr. 
Malam's construction, put up in my office on the 
7th of December, 1817, has not to this day, the 
1st of May, 1819, had any fresh supply of water, 
and yet it performs admirably, and the water re- 
mains at the proper level. Another meter, pre- 
cisely on the same construction, put up at soma 
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distance from the works, several months prior to 
the one Just mentioned, has acted under the like 
circumstances to the present time. 

With respect to frauds being practised, I con- 
aider the idea too futile to require a serious re- 
ftitation. It must be considered that if a hole 
were made in the outer case of the meter, the 
thing would be observed by the collector when 
he made his call ; for, on that occasion, a part of 
his duty would be to inspect it. The party 
making such hole would 6nd some ditKculty in 
stopping it up again, so as to be gas-tight, and, 
was water attempted to be introduced, it is rather 
doubtful whether he wouJd be abJe to procure 
that tightness which would be requisite. In 
short, 1 am firmly of opinion that, were such 
practice attempted, it would certainly be de- 
tected. The attempting to make good the place 
by solder, would fail, and it would be well, were 
such attempted, if it were done without accident. 

But, as, I believe, it is very generally estab- 
lished that on all lines of mains, however distant 
from the manufactory, there are found condensa- 
tions, those who use the gas-meter need not be 
alarmed as to any deficiency of water therein. 
The pipe bringing the gas into it, should the 
water accumulate to too great a height, which is 
more probable than the contrary, will cariy it off 
hy means of a syphon thereto attached for the 
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purpose. Supposing tbe gas-meter to be very 
generalty adopted, it raiglit be made with thji ' 
outer case of cast-iron ; then such ideas as woul4 
obtrude themselves, had it bee^ Ip^e of tin, uMa\ 
entirely vanish. 

However, Mr. Malam, to guard against such 
procedure, contemplated (from the time of hi^ 
taking out a caveat for the gas-meter ui April, 
1817) a mode for preventing it. He proposed « 
float of cork should be made so as to surroun4 
the upright part of the introducing pipe. Upoa 
this float were fixed two or more upright wires, 
having at their top a plate with an inverted 
blunted cone at its centre, to fit into the supplying 
pipe, which was formed like a cup at the top, foe 
receiving it, and fiimished interiorly with a coat-!- 
ing of tallow. It is clear, that, with such coq. 
trivance, if the water were removed the float 
would sink, so as to allow the cone to fall into 
the cup and thus shut off the passage of the gas j 
but, if the water remained at its proper level, it 
would be kept at such a height above the supply- 
ing pipe as would allow a suflictent gas-way. 
With this species of safety-valve, Mr. Malam conn j 
structed a meter so long ago as September, 1817, 
which was put up at the Gas*Ligbt and Coke j 
Company's works. Brick-lane, Old-street, Loudoa. 

For the sake of giving a nominal value to the 
gas produced, I shall suppose every thousand 
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feet of it to be worth fifteen shilling's ; conse- 
quently, a burner charged at Al. a-year, should 
consume but about 5,333 cubic feet of gas in that 
tirae. The burner had been proved by the ma- 
nufacturer to consume such quantity in an hour 
as was in proportion to that number of cubic feet 
in a year ; but then the flame had been adjusted 
to a certain height and the pressure uniform. 
When fixed to the fittings in any house, both these 
very material data would be lost ; for, the pres- 
sure on dlfTerent parts of the street-mains varies 
in almost every street, and with every level ; whilst 
the turningon of the stop-cock to its full bore allows 
aflame of (lirice the length tfiat it ought to be ; 
it therefore follows that much more gas passes 
through the burner than is necessary for yielding 
the best light, which is obtained from a flame 
about three inches high. 

Should the quantity of gas passing through a 
4/. burner in a year (nine times out of ten) be 
stated at 7,000 cubic feet, instead of 5,000, it 
would not be very far from the truth ; but, in 
such case, the burner ought to be charged five 
guineas a-year instead of four pounds ; or other- 
wise the value of the gas is reduced fix)m fifteen 
shillings per thousand cubic feet, to about eleven 
shillings. 

Did the consumer of gas obtain a better light 
from this greater proportion of gas used, there 
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might be some plea in favour'ofUts using it; buthe 
must be aware, should he try the experiment, that I 
the intensity of light does not increase in proportion 
to the length of ilame, but to the complete com- 
bustion of the body yielding it. A more striking 
example can hardly be given than that of observ- 
ing a common tallow candle when first snuffed, 
and just before the light from it becomes so dim 
as to require its being snuffed. In the first ior J 
stance, the flame is bright, but low; in the latter^^ 
it is lengthened, but red, dull, and smoky, yield- 
ing very little light. The same thing holds good 
with respect to gas-lights. A four-pound burner, 
when properly adjusted, has, by experiment, been 
proved to yield as much light as six mould candles 
of six to the pound ; but, if it be allowed to burn 
with a flame of six or eight inches in length, it 
will not, in intensity of light, be equal to more 
than three or four such candles. 

To remedy these evils the gas-meter is well 
calculated; for, with the regulator (which will be i 
described hereafter) the flame, let the pressure be J 
what it may from the street-mains, will never be 1 
in length more than about three inches. There- I 
fore, supposing the manufacturer to contract with j 
his customer for supplying him with gas by mea- 
sure, at the rate of fifteen shilUngs per thousand ' 
cubic feet consumed, he will find that he obtaina 
a larger rental from the same means with which 



350 ON THE GAS-METER. 

he had supplied lig:ht in the ordinafy way, aad 
the consamer will have a better light at less ex- 
pense. By using the meter in all places, the 
manufacturer will have no occasion for a valve to 
flhirt off the supply to the street-mains — therefore 
upon them will constantly remain the pressure of 
the gas-bolder — nor need he encumber his works 
with smaller mains to answer that end, for, he 
may rest assured, when hia customer is aware 
fliat he is to pay for the gas which the meter will 
point out as consumed upon hia premises, and no 
more, that he will not make use of such light but 
when it is absolutely necessary; he will be care- 
ifiil not only as to the time, but the mode of burn- 
ing it, consequently the manufacturer will be able 
to supply more lights, and to increase his rental 
proportionally. 

Wherever the meter may be adopted, it will in 
a short time convince the consumer of gas that for 
every light, which by the usual mode of charging 
he had been accustomed to pay at the rate of 
four pounds a year, he would be supplied with a 
sufficient quantity of light at ten or fifteen per 
cent, less expense. He would be able to use the 
gas whenever he chose to do so, for as the pressure 
of the gas-holder would be constantly upon the 
mains, he would at all times be able to obtain it. 
This, alone, would be a very great convenience to 
the consumer, who, under the existing circum- 
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Stances, is not allowed the use of a gas-light, save 
from sun-set to the hour such light is contracted 
for; therefore, to have so complete a command of 
it, at less expense, must be a desirable object. 

If the consumer is at all acquainted with ma- 
chinery, he need but barely look at the meter to 
be sure of its uniform action — it is so simple in 
its construction as to preclude all chance of its 
getting out of order — and its portability is such 
that where a tradesman may have hardly any 
room to spare in his shop, he could scarely fail to 
find enough for it to stand in : for, a meter of 
sufficient capacity to supply from four to six 4/. 
burners, might be placed in a recess of a foot 
square and six inches deep. In most cases it 
might be put up in a conspicuous place, for if 
neatly finished, it would be an ornament to either 
a shop or a parlour, as to it might be given the 
appearance of a table-clock: and, owing to its 
acting in water, which so securely forms a joint as 
to prevent any escape of gas, nothing offensive 
could arise from the use of it. 

In whatever I have said of this meter, I have 
been influenced by a desire of promoting the ad- 
vantages equally of the manufacturer and the con- 
sumer of gas, and I hope I need not add more to in- 
duce both to adopt it — the benefits to each would be 
mutual, and the accommodation to the latter much 
greater than the present mode of sujjpiying him 
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with gas can allow. All that would be lequired 
to be done, were it used, would be for the col- 
lector to observe when lie made his collection, 
what number of cubic feet of gas had been con- 
•uraed since his last call, and to charge and give 
receipts for the amount thereof. The dial being 
under his lock aud sealed, he should, when pay- 
ment was made, note in his book the position of 
the hands, and from thence commence hia new 
account. 



STATEMENT, 

Viewing in what Particulars the Gas-Meter, of Air. 
John Malam's Invention, differs from Mr. Samuel 
Cleggs Patent Gas-Meter. 



Mr. Cleco's patent 
Gas-Metbk. 

Tlie axis is a hollow cylin- 
der, differing in diameter ac- 
cording to the Dumber of 
cubic feet of gas intended to 
pass tlirough it in a given 
lime (for a Iiouse where from 
four to sis lights are used, it 
' would require to be, at least, 
one inch and a quarter in 
diameter). The gas enters 



Mb. Malan's Gas- 
Meter. 

The axis on which it re- 
volves is a small wire of 
about one-eighth of an mch 
in diameter, when used for 
shewing the quantit]' of gas 
consumed in hou.^es; and, 
when the meter in intended 
to register the quantily of 
gas consumed by any number 
of lights, from two to twenty, 
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Mr. Cleoo's patent 
Gas«Mbtbr {cofUinued). 

at one end of the same^ and, 
being conveyed from thence, 
by means of hollow arms, into 
the divisional chambers, it is 
discharged from them, and 
returns, by a similar contriv- 
ance, to die opposite end of 
the axis to which it entered, 
and is from thence conveyed 
to the burners. 



The gas is prevented from 
communicating between two 
adjoining chambers by means 
of scrolls forming either mer- 
curial or hydraulic Joints, or 
by valves, on which very 
little dependence can ever 
be placed. 



Me. Malam's Gas- 
Metbr (contifwed). 

it need not be increased.' 
The gas does not enter into 
the meter through the axis^^ 
but by a fixed pipe, somewhat 
in the shape of the Roman 
letter L, the horizontal part of 
which is immersed in water, 
which rises to within about 
an inch and a half of the top 
of that part which is perpen- 
dicular. It is enclosed by a 
chamber which has an open- 
ing to each of the divisional 
partitions, and these empty 
themselves into the outer 
case in succession. 

The gas is prevented from 
communicating between two 
adjoining chambers by means 
of an hydraulic joint which 
can never fail in its perform- 
ance. 



Owing to the axis of this The axis of this meter 
meter being of considerable beingverysmalJ, and stuffing- 
bulk, and its being absolutely boxes not • necessary, the 
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^M Mr.Ci.bgg's patent 


Mr. Malam's Gas- 


^B Gas-Metee {continued). 


Metee (coiUimied). 


^M necessary (to prevent ao es- 


action of it is very little im- 


^M cape of gas) ihat it sbould 


peded by friction. 


H work in stiiffiiig-boxes, the 




^M action of it is much encum- 




H bered by frictiou. 




^L^M The water in Uie outer 


The water in the outer case 


^^^^B case of lliis meter does 


of this meter, as well a» iii 


^^^^^f rise more than about one- 


the interior cylinder rises coa- 


tliird of its diameter ; and, if 


uidcrably above the centre, by 


it were filled above its centre. 


whicli means it shuts off all 


it would not act. 


gas communication between 




the respective divisional 




chambers^ and, if it were 




jiol filled with water above 




the centre, the meter wouhi 




not perform. 




The dimensions of this 


meter, when of sufficient ca- 


meter, when of sufficient ca- 


pacity for supplying four 


pacity for supplying four 


lights, are, 


lights, are, 


The diameter, 30 inches, 


The diameter, 12 inches, 


And breadth.. 8 „ 


And breadth.. 6 „ 


A meter made on the plan, 


A meter made on the plan. 


and of the dimensions, just 


and of the dimensions, just 


stated, could not be got up 


stated, might be got up for 


for less than five or sis 


about three pounds, leaving 


pounds 


the manufacturer a handsome 


^ 


profil. 
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Mb. Cleog's patent 
Gas-Mete R (continued). 

This meter, owing to the 
great complexity of its con- 
stnictioDy is constantly liable 
to be out of repair; and, 
having so far failed from the 
end that the inventor had in 
view^ he has laid it on one 
side and adopted another, 
which is similar in construc- 
tion to the one for which Mr. 
Malam took out his caveat 
on the 10th of April, 1817. 



Mr. Ma lam's Gas- 
Meter (continued). 

This meter, owing to its 
very simple construction, is 
not liable to be out of repair; 
it has been upwards of two 
years in action without once 
requiring being meddled with ; 
and, if the simplicity of any 
piece of mechanism enhances 
its value, Mr. Malam, as the 
original inventor of this me- 
ter, is entitled to very con ; 
siderable credit. 



2 a2 



CHAPTER XVIII. 



Oh the Eegulalor. 

XHE unfair manner in which many of the 
customers of gas-light companies bum their gas 
led the managers of such concerns to adopt mea- 
sures for preventing it. The instrument for 
answering such purpose was originally called 
" T/ie Goiernor," but it is now more generally 
known by the term "Regulator." 

The first instrument of that kind which appears 
to have been offered to the notice of the Public is 
described in Nos. I7Gand 177 of the second series 
of the Repertory of Arts for January and February 
1817. This governor was invented by Mr. Samuel 
Clegg, and for it he obtained a patent under date 
9th December, 1816. If the reader consults the 
description abovementioned, he will understand 
its properties, and perceive that its action will be 
to keep the pressure constantly equable. It will 
effect the regulation in an equal degree when the 
inequalities of pressure are occasioned by an in- 
creased consumption as when they are increased 
by an increased supply ; for the operation of it 
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iH to adapt the orifice through wtiich the gas 
passes to the quantity required to pass, so as to 
keep the pressure under which the gas shall issue 
nearly equal. On examining the figure and con- 
sulting the description, the reader will easily 
perceive that Mr. Clegg's patent governor could 
not fail of answering the purpose intended. The 
only objections which could be stated against it 
were the expense of construction and the room 
required for it to stand in. Indeed, no one would 
hesitate to pronounce the thing more likely to 
answer than other governors which have since 
been offered to the Public by that gentleman. 
In attempting simplicity and compactness, some 
I of the best properties of the governor have been 
lost, and those which have supplied its place 
cannot be considered in all cases effective, nor 
much to be depended upon. 

Upon a large scale there can be little doubt ot 
these governors answering the end in view; but 
the smaller ones, such as have fallen beneath my 
notice, no reasonable person would expect much 
service from. By the reader's referring to the 
thirtieth volume of the second series of the Re- 
pertory of Arts, No. 176, Plate III. Figure 14, and 
attending to the following observations, he will 
understand the construction of Mr. Clegg's altered 
governor. It consists of a gas-holder, somewhat 
similar to that shewn by the part marked G : 
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had an air-vessel round the bottom, so constructed 
as to allow it to work at the pressure required. 
To the height which the air-vessel was carried it 
was cylindrical, but above that it presented the 
frustum of a cone, the diameter of the top being 
about an inch and a half less than the bottom: 
and a tin-case as H If we suppose the case to 
be about one foot deep and six inches diameter, 
the gas-holder will be about five inches deep and 
as many in diameter at the bottom. At the dis- 
tance of about three inches from the bottom of 
this external case is an inner bottom, upon the 
centre of which is supported a pipe R, of the 
same height as the gas-holder. Upon the top of 
this pipe is soldered a small brass-wheel having a 
hole drilled through its centre for receiving a 
brass wire of about one-eighth of an inch in dia- 
meter, the lower part formed into a cone, the base 
of which is three-eighths of an inch and height 
about three inches, and the bottom of the pipe is 
brass-bushed, so as to leave a conical aperture 
with a base of about three-eighths of an inch in 
diameter. The wire just mentioned is brought 
through tills aperture and the central hole at the 
top of the pipe, and screwed to the centre of the 
toi* of the gas-holder, so that when the gas-holder 
is down in the tank, the conical orifice at the 
bottom of the pipe is nearly open; but as the gas- 
holder is lifted up the cone is drawn up with it. 
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gradually shutting off the passage till at its greatest 
rise it is entirely closed. Above the inner bottom 
is a pipe of three quarters of an inch in diameter, 
similar to the pipe B, which is connected to the 
upright pipe R, above the conical orifice. This 
is the pipe of exit. Another pipe of the same di- 
ameter placed below the inner bottom brings the 
gas into the governor. If we suppose the gover- 
nor to be connected to the service-pipe, and with 
the fittings leading to the burners, preparatory to 
bringingit into action, it will be necessary to remove 
the lid at the top and pour water into thecaseortank 
till it rises to within an inch of the top of the upright 
pipe R. This being done, the top and bottom of 
the governor are to be put ou and made gas-tight 
' with a luting of bees-wax and tallow, and when 
this is effected it is fit for action. The gas-cocks 
attached between it and the burners being gra- 
dually opened, allow the gas to pass through it 
and escape at the orifices where it is consumed. 
It is evident that under such an arrangement, if 
the pressure from the street-mains be increased, 
the gas will flow with more rapidity into the gas- 
holder of this governor: this greater impetus raises 
the gasholder in the tank, and consequently draws 
up the cone with it, by this means lessening the 
aperture of supply so that the pressure is re- 
L tained nearly equal, and the fiame of the burners 
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BTipplied though the governor remaiiis at 
uniform height. 

On the contrary, if the consumer were inclined! 
to bum his gas at too great a height, the govemor-i 
would prevent it; for, if it were constructed so as' 
to work with such a pressure as was sufficient for 
supplying the lights required, and no more, he 
would be compelled to turn the cocks supplying;.: 
his burners to their full bore, to enable him toi 
obtain a light about three inches high; noT' 
would he be able to obtain a higher flame let 
the pressure at the works be increased as it 
might, which is evident from what has been al- 
ready stated. 

Mr. Clegg's practice, whilst in the employment 
of " the Chartered Gas-light and Coke Company," 
was to make his governor with a cone, the base of 
which was three-eightlis of an inch in diameter, 
for supplying four or five lights, and half an inch 
for supplying ten lights. The length of the cone 
was from two and a half to three inches. Hi» 
pipe of supply and exit-pipe in each case being 
three quarters of an inch in diameter. 

The objections against this governor are the' 
following, that is to say : The cone being of small' 
diameter and great length, requires the gas-holder 
,to rise considerably before the action of shutting 
off is sufficiently effected. The gas-holder being^ 
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but small, any sudden pressure is apt to blow the 
water from beneath it, nor could the governor 
constructed on this plan for the use of private 
houses be made to sustain more than a few inches 
pressure. The wire connecting the cone with the 
gas-holder being fixed to the centre of the top of 
the latter and to the cone, passes through a hole 
at the top of the upright pipe — if, therefore, it 
becomes corroded it is apt to stick, and render 
the governor useless. And as the cone itself is 
subject to the same, it sometimes closes up the 
orifice altogether, and entirely shuts off the pas- 
sage of the gas. These things, when the govemoi^ 
was used by the Chartered Gas-light and Coke 
Company, produced incon\eniences and brought 
the governor into disrepute. 

Under such circumstances the case stood wbet^ 
Mr. Malam introduced his gas-meter in April 1817. 
To remedy the inconveniences be seems to have 
contemplated the lessening of friction, the more 
delicate action of the governor, and the prevention 
of the water being blown out of the tank by any 
highly-increased and sudden pressure. His regu- 
lators, instead of being cylinders and deep, like 
Mr. Clegg's governors, are parallelopipedal and 
shallow, serving as pedestals for his gas-meters 
when used therewith. GHIK, PiateXlV. Figure 
1, is a longitudinal section of the outer case of 
Mr. Malam's regulator, of such length as is equat 
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to the diameter of the meter with which it is used. 
L M N O is a Birailar section of the gas-holder 
(constructed so as to act at a certain pressure) 
which acts upon the pivot shewn at M. P is an 
upright pipe which rises nearly as high as the 
top of the gas-holder when that is in a horizontal 
position. Immediately over the centre of this 
pipe in the top of the gas-holder is a small hook, 
to which is hung the wire attached to the cone so 
as to act freely in all directions. The wire for 
supporting the cone is formed into two links, the 
lowermost of which is connected to a hook rising 
from its apex. Thus, as the top of the pipe is 
entirely open, there can be no apprehension of the 
wire being there bound, or so obstructed as to 
prevent the cone from acting. The vertical pipe 
Q is that by which the gas escapes towards the 
burners. The manner in which the gas is brought 
into this regulator will be better understood by 
consulting the transverse section at Figure 2. 
AAFG of that figure is a transverse section of 
the outer case, of such breadth as is equal to the 
breadth of the meter with which it is used. 
LMNO is a similar section of the gas-holder 
which acts upon the pivots shewn at L and M. 
The upright pipe P, with the wire and cone, have 
been already described when speaking of the lon- 
gitudinal section {Figure I.) S, Figure 2, repre- 
sents the pipe wliich conveys tlie gas from the 
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meter to tlie regulator by means of the pipe R, or 
from the service-pipe when used without a meter. 
A pipe similar to that shewn at S is also attached 
to the upright pipe Q {Figure 1) for conveying the 
gas from the regulator towards the burner. At 
the bottom of the regulator, immediately beneath 
the pipes P and Q, are soldered two screwed 
braes rings of about two inches diameter, upon 
which, when the regulator is in action, are screwed 
two brass caps having a short piece of pipe brazed 
to the centre of each (which is cut out for the 
purpose) with a cock for drawing off any conden- 
sations which may descend in the pipes. The 
pipe marked T, Figure 1, is soldered upon the 
top of the outer case of the regidator over a hole 
made therein. This pipe is open at the top. It 
is for the purpose of allowing the regulator to 
sustain a gpreater pressure than could be effected 
were the top entirely closed. 

On examining the sections of this regulator the 
reader will perceive the difference of arrangement 
between it and the governor. If we begin with 
the gas-bolder, the area of the base of the latter is 
much greater than that of the former, and as the 
length is considerable, and that acting as a lever 
upon the fulcrum at M, any change of pressure is 
immediately felt and checked : for there cannot 
possibly be Ibat friction in its action which was 
before noticed, and, owing to the difference of ap- 
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plication, if that were possible, it would be more 
easily overcome. 

In constructing a regulator on Mr, Malam's 
principle for acting with his gas-meter when four 
lights are to be supplied, the gas-holder would be 
about ten inches long, five inches wide, and three 
and a half inches deep. The area of the base 
would be fifty superficial inches ; in the former 
case a governor for such number of lights had to 
work with a gas-holder, the area of the base of 
which was not more than about twenty superficial 
inches. As several of the more prominent altera- 
tions have already been noticed, they will not be 
further dwelt upon : however, the difterence of 
shape in the cone must be conceived considerably 
for the better. Mr. Clegg's governor was fur- 
nished with a long taper cone, which required a 
very considerable rise in the gas-holder before 
the action was felt. Its base was only about 
three-eighths or half an inch in diameter when 
the entrance and exit-pipes were three quarters. 
Mr. Malam's regulator had a short blunted cone 
of the same diameter of base as the supplying and 
discharging tubes. This cone was not more than an 
inch in length, consequently a very small rise of 
the gas-holder was sufficient to bring it sensibly 
into action. Again, the go%'ernor was not calcu- 
lated for sustaining much pressure, whereas the 
regulator might be constructed so as to sustain a 
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a very great one ; for if the pipe T were carried 
two or three feet high, instead of about six inches, 
as shewn in the Figure, it would sustain a greater 
pressure than ever happens in the gas-light manu- 
factory. In short, for simplicity of construction, 
and uniformity of action, there is no regulator 
that has fallen beneath my notice equal to 
Mr. Malam 6. 
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CHAPTER XIX. 



In the Chapter " On Purification" it was stated 
to be necessary, occasionally, to take tests for 
ascertaining whether the purifying process effectu- 
ally deprived the gas generated of the sulphu- 
retted hydrogen gas, and carbonic acid gas, which 
are evolved with it. That this should be done 
frequently, appears requisite ; for it is highly ne- 
cessary that the manufacturer should supply his 
customers with such gas only as is fit for use, and 
either of those, just mentioned, are far from being 
so. Their ill effects have been already noticed, 
therefore do not require to be further spoken of 
in this place. I shall now proceed to mention 
such tests as may be employed for detecting 
them. 

1st Test. 

Mix three grains of sugar of lead with two 
ounces of distilled water, in a wide-mouthed bottle, 
by shaking the mixture well together, and it will 
have a milky appearance. Then, having fitted a 
stop-cock to a large sized bladder, let it be filled , 
with gas from the main whence it is wished to be 
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tried, which can easily be efFectcd by screwing 
the cock attached to the bladder upon a small 
piece of tubing fixed thereon for the purpose. 
It will be necessary to have a small bend which 
can be screwed to the cock after the bladder is 
filled with gas. Let this bend be introduced into 
the test, the cock opened, and the gas pressed 
out, which will bubble up through the mixture. 
If the gas is freed from the sulphuretted hydro- 
gen, the test will remain white and milky ; but, 
if it is charged with sulphuretted hydrogen, it 
will become dark and cloudy. This is a delicate 
test for discovering minute portions of sulphuretted 
hydrogen gas, with which it forms a black pre- 
cipitate. 

id Test. 

Into a wide-necked bottle put an ounce of dis- 
tilled water, and then impregnate it with the gas, 
which it is desired should be tried, by blowing it 
through the water, by means of a bladder, as de- 
scribed in tlie foregoing test. If it contains 
sulphuretted hydrogen gas, it will produce a 
foetid odour, resembling the smell of rotten eggs. 

Should a single drop of nitrate of silver, super- 
acetate of lead, or muriate of bismuth, he dropped 
into water impregnated with sulphuretted hydro- 
gen gas, in the manner already described, it will 
instantly be rendered black. 



3d Test. 

Tincture of litmus may be employed for detect- 
ing either carbonic acid gas, or sulphuretted hy- 
drogen gas. The natural colour of this tincture 
is a dark blue, inclining to purple. The action of 
either of the above gases upon the tincture of 
litmus produces a redness. If barytic water be 
mixed with the tincture thus coloured by car- 
bonic acid gas, it immediately becomes turbid, 
and a soluble precipitate falls down with effer- 
vescence in pure dilute muriatic or nitric acid. If 
the change of colour had been effected by sul- 
phuretted hydrogen gas, no precipitate is formed. 
By this criterion, the action of carbonic acid gas, 
upon litmus, from that of sulphuretted hydrogen 
gas, may be distinguished. 

4tk Test. 

If an ounce of distilled water be tinged slightly 
blue by tmcture of litmus, and then impregnated 
with the gas desired to be tried, if carbonic 
acid gas be present, it will speedily produce the 
reddening effect. 

5ik Test. 

Into an ounce of distilled water, impregnated 
with gas, let fall twenty or thirty drops of sul- 
phuric acid. If carbonic acid gas be present. 



J 



ON tESTS, 369 

ttiany minute air bubbles will be rapidly dis- 
engaged. 

6th Test. 

Impregnate distilled water witli the gas to be 
tried, in a wide-mouthed bottle, and then let it be 
poured upon a plate, or into a small evaporating 
basin. Hold close to the surface a slip of paper, 
wetted with a solution of nitrate of silver. If 
sulphuretted hydrogen gas be present, it will 
escape from the fluid and cause the paper to be 
blackened. 

Were it necessary, many mol^ tests might be 
added ; but these already mentioned are amply 
sufficient for general purposes. Should the reader, 
however, be desirous of pursuing his inquiries 
relative thereto, still further, he will be furnished 
with the necessary instructions by consulting 
Parkes's Chemkat Catechism, or Mr. Accum's work 
on chemical re-agents. 
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On the Chemical Constitution of Cual-Gai—Remarki on 
the Methods of ubiaining it, and ctirsorif Ohseivations on 
i(s Uiefulness v>hcH employed for generating Jrtijicial 
Light , and for other purposes. 

\VHEN we consider the qualities of coal-gas, 
and the various productions obtainable from coal 
by distiilation, we are led to conclude that pit- 
coal contains solid hydrogen, carbon, and oxygen. 
In the process of distillation of pit-coal we find, 
that when the heat to which it is exposed has 
reached a certain degree of intensity, part of the 
carbon is united to part of the oxygen, producing 
carbonic acid. This product, by means of a 
further supply of caloric, is formed into carbonift 
acid gas. Whilst this is performing, part of tllfe 
hydrogen of the coal is attracted by distinct 
portions of carbon and caloric, which forms th^ 
carburetted hydrogen gas. The qualities of this 
gas differ with the circumstances of heat under 
which il is produced, as well as from the material 
employed for its production. During the dis- 
tillatory process is also produced oleiiant gas, 
carboaic oxide, and sulphuretted hydrogen ; but 
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the quantities of these vary with the qualities of 
the coal which may be submitted to distitlation. 

We are not to consider that pit-coal is the only 
substance which aftbrds caiburetted hydrogen 
gas. U may be procured in various ways; for it 
is found ready formed on the surface of stagnant 
■Waters, and in marshes. In hot weather we may 
observe large bubbles thereof rise through the 
former, and should we be desirous of collecting 
it, we may do so by adopting the following me- 
thod : — Fill a wide-necked bottle with the water, 
and cause it to be therein inverted, with a large 
funnel in its neck ; then, by Btirring the mud di- 
rectly under the funnel, the bubbles of air will 
rise from the mud beneath it aud enter into the 
bottle. This gas is, for distinction, called the 
carburetted hydrogen of marshes. It contains, 
in the purest slate which we can collect it, about 
twenty per cent, of nitrogen. 

When any kind of vegetable matter is submitted 
to such a heat as is necessary to decompose it, it 
gives out carburetted hydrogen gas, and the pro- 
portion thereof obtained is greater when such 
process is carried on in close vessels. Charcoal 
wetted with water, ajid submitted to the action 
of heat in a crucible or earthern retort, will pro- 
duce gas which consists partly of carbonic acid 
and partly of carburetted hydrogen. This gas is 
slao procured by causing steam to pass through 





an iroD tube, vbicb, by being couveyed throaglt 
the fire, is kept red hot, — by allowing spirit of 
wine tu trickle through red hot tubes, or by dis- 
tilling campboi in tbctn. In short, earburetted 
hydrogen gas is obtained by distiUing in close 
vessels either oil, wood, bones, wax or tallow, or 
frcm any animal or vegetable body, be it what it 
may. Tliere is a curious variety of earburetted 
hydrogen gas obtainable from ether or alcohol, 
which, when brought into contact with chlorine 
gas, generates an oil that is heavier than water, 
whitish and semi- transparent, winch if kept be- 
comes yellow and limpid. It has a fragrant smell, 
a sweetish taste, and is partly soluble in water, to 
which its peculiar smeil Is imparted. This gas 
has been by some termed oily earburetted hy- 
drogen ; by others, olefiant gas. It is composed 
of earburetted hydrogen, supersaturated with 
carbon. In the distillation of most kinds of coal 
a portion of this species of gas always comes 
over with the common earburetted hydrogen; 
and, it must be evident, the ceals yielding the 
greatest quantity thereof will always best answer 
the gas-light manufacturer's purpose. 

Whenever earburetted hydrogen gas is obtained 
fi'om coul by the process of distillation in clotie 
vessels, its nature varies with the circumstances 
under which distillation is carried on, with the 
qualities of the coals used, and with the various 
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Stages of the process. In the first stage of the 
process it is heavier than in tlie last, but even 
then it is lighter than atmospheric air. It holds 
in solution a portion of oil ; for wc find when gas, 
produced during the first part of the distilialory 
process, is confined Ibr Bome time in the gas- 
holder over water, it becomes lighter, from many 
of the oily particles subsiding, and, consequentiv, 
when submitted to combustion, does not require 
so much oxygen for saturation as if it had been 
burnt immediately after it was generated. We 
may state the average specific gravity of carbu- 
rctted hydrogen gas, from that of the heaviest and 
hghtest which is obtained in the process, at ,8. 

It may not in this place be improper again to 
observe, that both the quantity and quabty of 
carburetted hydrogen gas, obtainable from coals 
of the like species, depend very much upon the 
mode employed for distillation, and the tempera- 
ture at which such process is carried on. By 
disposing of the coal iu thin strata to the action 
of the fire, and making the conducting pipes to 
the hydraulic main of greater diameter than has 
hitherto been usually adopted, a greater propor- 
tion of gas is obtained in less time than it can be 
when cylindrical vessels are used, which neces- 
sarily require the process of distillation to be 
considerably extended. And this greater quan- 
tity of gas, so obtained, arises principally from 





decofopositian being more readily aceompiisbe^ ^ 
and firom the tar and oil. produced during tb« ' 
evoluttoa of the gas id its rising' stnte. being' 
brought in contact with the bottom or ndes of the 
distillatory vessel, then red-bot; thus causing these 
products to be decomposed, they form carbnretted 
bydro3:en gas and olefiant gas, consequently in- 
creasing the quantities of these gases from the 
satrte quantity ti{ coal, if diSerenlly managed. 

Wc know, from the results of many experiments 
made for the purpose of ascertaining what quan- 
tity of gas could be obtained from a given quantity 
of coal-tar. that one pound thereof yields about ten 
cubic feet of carburetted hydrogen gas, which 
abounds with olefiant gas. The number of cubic 
feet of gas obtainable from one pound of coal-tar 
is the average quantity deduced from the distil- 
lation of about four tons of coal-tar in vessels of 
a syphon-shape, lying horizontally ; the tar was 
allowed to enter the distillatory vessel near the 
mouth-piece cf the upper leg, and to trickle over 
a continued red-hot surface till decomposition 
was effected. 

With respect to the distillation of coal-tar for 
the purpose of generating gas, the greatest nicety, 
as to the heat at which the retorts should be kept, 
ji requisite. In the course of my experience I 
generally found that such heat as is required for 
distilling pit-coal was not sufficient for obtaining 
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very favourable results from the use of coal-tar. 
But. perhaps, there has not been enough done to 
enable any one to speak satisfactorily on the ad- 
vantages obtained by the manufacturer from con- 
verting his coal-tar into gas- The retorts on 
which my e.\periments were made were not found 
to answer on any bearing: they were expensive, 
could not be kept in action more than a few days 
together, and their interior, particularly about the 
bend, became so choaked up as to render them 
very soon unserviceable. I am of opinion, how- 
ever, that if the tar iiould be received into the 
relorts upon a clean surface, instead of first 
coming in contact with the retort itself, the sy- 
phon-shaped retort would answer the purpose 
admirably, and it might be advisable to try the 
experiment upon one retort in any establishment 
where from a ton to a ton and a half of coal-tar is 
daily produced. In a former part uf this work I 
have had occasion to state that fire-stone, Welch- 
lumps, and fire-clay, are not so great absorbents 
of heat as iron. On this principle it is evident 
that the heat of such bodies is thrown out with 
more force, and therefore if we suppose that to- 
wards the mouth of the upper leg of the retort a 
piece of Welch tile of about thirty inches in length 
were introduced, so as to allow the tar to drop 
upon it from the feed-pipe near its superior end, 
it would be almost, if not altogether, decomposed 



376 CBESICAl. cossntFTiov 

bdbfv it had faaatd orer ia sor&ce; bvt if it 
dwrid BVl, it wo«id then have « lotglk of tea feet 
of nd-liot inm to cone in ooatact with before it 
witchrri the exit-pipe at the bottom of lie nrawtk 
of ibe lower leg. wbocfa could hardly bil of ooo- 
vcrtiog tbe mD quantity of lar e«capbg (ram 
die fint procoM iato « gaaeous 5Utc. 

But retaratn^ to the Eafaject of obtaining gas 
from pit-coal, 1 am to ob«enre that when ibe ma- 
nufacturer's chief object m to obtain the greatest 
qoanlity thereof in tht.- least time^ it is evident be 
must not nse cytmdrical retorts. These of the 
^mcnsioiu now in ose are capable of carbonizing 
two bushel*, or 168 pounds, of coal in eight hours, 
and from that quantity &55 cubic feet of gas are 
produced, or about :i\ cubic feet to ever)' pound 
of coal carbonized ; but, supposing the layer of 
coals in them does not exceed four inches in depth, 
the same retort will carbonize about one bushel in 
five hours, and this quantity of coal yields 2,772 
cubic feet of gas, and at the same ratio per pound 
as in the former instance. By spreading the coal 
in a thinner surface to the action of the heat, as in 
the elliptical retort, a bushel and a half, or 126 
pounds, of coal are carbonized in four hours, and 
produce 625 cubic feet of gas, or nearly five cubic 
feet for every pound of coals thus carbonized. 
We are, therefore, certainly to consider that these 
retorts, pr any other description which will allow 
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the coal to be exposed in thin strata, are very 
superior to cylindrical ones. On the proper heat- 
mg of ihe retorts, and due management with re- 
spect to disposing of the coal for tmdergoing the 
distillatory process, more depends llian the gas- 
light manufacturer generally supposes. From 
these circumstances not only the quantity but the 
quality of the gas, is materially affected. For 
we find from experience that when coal is dis- 
tilled at a low red heat, scarcely visible by day- 
light, the gas is not sufficiently extricated from jt^ ' 
and that which is obtained, when submitted to 
combustion, produces but a very feeble light : — if 1 
the temperature be increased to a dull redness, 
we have more gas, and that of a belter quality, 
but still short in every respect of what it ought to I 
be. Indeed, if we are desirous of working the J 
retorts to advantage, they should always be kept 
at a bright cherry redness, visible by day-ilght, 
Cras thus produced is increased in quantity and j 
improved in quality. Here we must stop, and I 
not by any mistaken notion increase the tempera- 
ture to a higher degree ; for, if we bring it to if I 
white heat, the retort is in danger of melting, an4 T 
the gas given out, being chiefly a mixture of car- ] 
bonic oxide and hydrogen gas, yields a bluisti 
flame of little illuminating power. Some of thg j 
species of Newcastle coal abound with pyrites, o^ 
sulphuret of iron ; these, when distilled, produce ] 
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a considerable portion of sulphuretted hydrogen, 
which increases the illuminating power of the 
coal-gas ; but such gas requires great attention in 
its purification ; for, should it pass to the burner 
without that process having been performed with 
the greatest nicety, it produces a suffocating 
odour where it is burnt, most easily observed in 
low and confined rooms. 

If coal-gas be burnt in a vessel of oxygen gas, 
over lime-water, in the pneumatic trough, its con- 
stituent parts may be ascertained ; these are 
found to be water and carbonic acid. When it is 
mixed in the proportion of one part of gas with 
nine of atmospheric air, jt will explode with a 
force equal to gunpowder. 

It has been already noticed that carburreted 
hydrogen gas is produced from various substances 
as well as from pit-coal. " Messrs. Sobolewsky 
** and Horrer, of St. Petersburgh, have employed 
" wood for the purpose. The pyroligneoos acid 
'' obtained in this operation, when freed from ihe 
" empyrcumatic oil with which it is mixed, be- 
" comes acetous acid, and i^ applicable to all the 
" uses of vinegar. A cubic cord of wood, equal 
" to 2,133 French metres, (a metre being rather 
" more than an English yard) yields 255 Paris 
•* pounds of charcoal, and seventy bucketsof acid. 
" The latter gives thirty pounds of tar; after the 
" extraction of it, fifty buckets of good vinegsF 
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■"remain. The same quantity of wood furnishes 
" 50,000 cubic feet of gas, sufficient for the supply 
" of 4,000 lamps for five hours*." 

In the first number of the Quarterly Journal of 
Science and the Arts ia a paper by Mr. Brande, 
OD the appHcalion of coal gns to the purposes of 
illumination, in which he observes, that " besides 
" the different varieties of coal and coal-tar, an 
" useiul gas may be procured from a variety of 
" other substances; and in the Jaboratory of the 
" Royal Institution we often feed the retort with 
" waste paper, sawdust, pieces of wood, &"c., and 
" consume the gas for a variety of purposes, 
" where oil was formerly employed. 

" The following are the results of soraeexperi* 
" ments upon these subjects, compared with the 
" produce from coal : — 

" ]. The retort was charged with four pounds 
*' of coal. The quantity of gas amounted, after 
" having passed the purifiers, to twenty cubic 
" feet. The coke remaining in the retort weighed 
" 2lbs. 8,7oz. 

" The heating power of the gas flame was 
" compared with that of a wax candle, by ascer- 
" taining the time required by each to raise two 
" ounces of water, in a thin copper vessel, from 
" 55° to 212°. Theflames were made as similar ia 
" dimensions as possible, and so placed that their 

• Rrpoiito-y of Arli, Vol. II. No. 36, page 341. 
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" points just touched the bottom of the vessel. 
** The heating power of the candle being assumed 
" as = I, that of the coal-gas flame was = 1,5, 
' " 2. Four pounds of tlie dried wood of the 
" common willow yielded sixteen cubical feel of 
' gas, and fourteen ounces of charcoal remained 
' in the retort. The gas burned with a very pale 
' blue flame, and was unfit for the purpose of 
' illumination, and contained no olefiant gas. 
" 3. Four pounds of the wood of the mountain 

• ash afforded fifteen and a half cubical feet of 
' gas, and thirteen ounces and a half of charcoal. 
' The flame was very pale and blue. 

" 4. Four pounds of white birch wood gave 
' fourteen cubical feet of gas, and twelve ounces 
' of charcoal. The flame similar to 2 and 3. 

" 5. Four pounds of hazel wood yielded thir- 
' teen cubical feet and a half of gas, and twelve 
' and a half ounces of charcoal. Its heating 
' power was = 1,2. It burned with a better 
' flame than 2, 3, and 4, but the intensity was not 
' sufficient for any useful purpose of illumination. 

" 6. Fourpoundsof writingpapergaveeighteen 
' cubical feet of gas, and the remaining charcoal, 

* which beautifully retained the form and tex- 
' ture of the paper, weighed eleven ounces and a 
' half. The heating power of the gas was = 1,6. 
' It burned with a flame nearly approaching in 
' illuminating power to that of coal-gas, 

"..These experiments prove that the gas from 




' woods IB not fit for the purposes of illumination, 
" although, as evolved during the production of 
" charcoal, it may conveniently be consumed in 
" the laboratory as a source of heat." 

In a former part of this work a rule was given 
for ascertaining the quantity of light afforded by 
a gas-burner, and comparing it with that of a 
tallow candle. By proceeding as there directed, 
it will be found that an Argand burner, consuming 
5f cubic feet of gas in an hour, yields a light 
equal to six mould candles of six to the pound. 
A pound of such candles, if lighted and burnt out 
one after another, would last 54 hours ; conse- 
quently, if they were all lighted at once, they 
would be burnt out in nine hours ; therefore, if 
we multiply the number of cubic feet of gas coij- 
sumed in one hour, for affording an equal light to 
that emitted by six mould candles of six to the 
pound, by such number of hours as the candles 
would last if all lighted together, we shall have 
the number of cubic feet of gas equal in illumina- 
ting power to a pound of such candles : — 

Thus, 5^ X 9 = 50, the number of cubic feet 
of gas which is etiual in illuminating power to a 
pound of mould candles of six to the pound. 

Hence, if it be desired to know the number of 
cubic feet of gas required to be generated for 
supplying light equal to a given number of pounds 
of mould candles of six to the pound, should the 
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number of pounds of candles be niultplied by 50, 
the product will express the number of cubic feet 
of gas required for producing light equal in effect. 

At page 376 preceding, it was stated, that, ac- 
cording to the most approved mode of operation, 
five cubic feet of gas are generated from one 
povind of Waliseod coal : — it Ibllows, then, from 
vliat has been just stated, that ten pounds of 
Buch coal produce as much gas as is equivalent 
in illuminating power to a pound of mould candles 
of six to the pound. 

Hence, if the weight of coal for furnishing gas- 
light, equal to the light afforded by a given number 
of pounds of such candles, is wanted to be knowi, 
we have only to multiply the pounds of candles 
by 10, and the product shews the number of 
pounds of coal. As the chaldron of Newcastle 
coals may in practice be generally estimated to 
weigh 27 cwt., or 3,024 pounds, — 

If we divide the pounds of coal last found by 
3,024, we find the chaldrons ; by 84, the bushels ; 
and hy 21, the pecks necessary to be submitted 
to the distillatory process. 

By proceeding in this manner, the reader can- 
not be at a loss to ascertain (he qitantity of gas 
required for fumiBhing a certain proportion of 
light, nor will he have any difficulty in finding 
what quantity of ctral must be distilled for the 
purpose. Should he be furnished with a smaU 




apparatus for generating gas, I should recom- 
mend that he make experiments for himself, on 
the li^ht afforded by different sized burners, com- 
pared with candles of various sizes, according to 
the instructions already furnished, which will, I 
should apprehend, be more satisfactory to him 
than a whole volume of tables for shewing such 
things by inspection, especially when the tables 
are constructed by another. 

With respect to the superiority of light afforded 
from carburetted hydrogen gas, it is to be ob- 
served that it has a decided advantage over other 
lights ; for, it has been ascertained that there is 
considerably less carbonic acid produced by its 
flame than by the flame of oil, tallow, or wax. 
Dr. Henry states, that " One hundred cubic 
" inches of carburetted hydrogen gas require, 
" for burning, two hundred and twenty cubic 
" inches of oxygen, and produce one hundred 
" cubic inches of carbonic acid. One hundred 
" cubic inches of the same gas, obtained from 
" wax, require, for burning, two hundred and 
•' eighty cubic inches of oxygen, and produce 
" one hundred and thirty-seven cubic inches of 
" carbonic acid. One hundred cubic inches of 
" the same gas, procured from lamp-oil, require 
" one hundred and ninety cubic inches of oxygen 
** for buniing, and produce one hundred and 
' twenty-four cnbic inches of carbonic acid." 




384 



CHEMICAL CONSTITUTION 



Can any proof be required more decisive than the 
above in fevour of the use of gas-light? But, to 
produce such light, it is necessary that the gas 
should be well purified ; for, if it is not deprived 
of the sulphuretted hydrogen, it emits sparks, and 
produces a portion uf sulphureous acid, by the 
union of the oxygen of the air with the sulphur 
dissolved during the process of combustion. 

Although coal-gas, if allowed to escape without 
being burnt, emits a disagreeable odour, yet this 
circumstance argues nothing against the use of it; 
for we are well aware that, if a candle be blown 
out, during the time the wick may remain ignited, 
it produces a smell equally disagreeable. But 
gas is not intended to be wasted in such manner, 
and it is now established, most satisfactorily, that, 
during its combustion, it is void of all smell what- 
ever. It may be considered that the smell of the 
gas is a fortunate circumstance rather than other- 
wise; for, from thence, whenever there may be a 
leak in the pipes, it is easily detected ; whereas, 
if the gas were void of smell, leaks might happen, 
and, in some cases, the most serious accidents 
occur, from the explosive nature of the gas when 
mixed with atmospheric air, should a light be 
brought in contact with the explosive mixture. 

Coal-gas possesses an advantage over all other 
artiiicial lights, inasmuch as it may be applied in 
any direction, and thus throw the strongest por- 





won ofliilit to where it is most wanted, — a thing 

iTery dilficult to tflect when lamps or candles are 

r Hsrd. By turning the cock which supplies the 

burner, a brilliant flame can be produced iustaa- 

taneouaty ; and that, again, in as short a time, 

I lowered to such a degree as barely to be per- 
ceived. In either case, it will remain for any 
length of time without variation in height or in- 
tensity, provided the supply of gas be continued, 
and the pressure remain uniformly the same. 

Perhaps it would not be improper here to 
suggest that the powerful strength and uniformity 
of the gas-flame, and the practicability of giving 
I it any shape, makes it exceedingly applicable 
for use in the different light-houses. We know 
that, if a metal box were made of suthcicnt di- 
mensions for allowing a tigure or letter of large 
size to be painted on one of its sides, that pro- 
vided holes of the thirtieth of an inch in diameter 
were drilled therein so as to allow the gas, when 
I ignited, to present that letter or figure in flame, 
I it might be distinguished at such a distance as to 
f warn ships from approaching near it. We will 
suppose that ihis box is supported upon the top 
I of an upright pipe which is kept in its position by 
, carriage for the purpose ; the bottom being 
I made gas tight by an hydraulic joint. If, then, 
there be a wheel placed upon this pipe, which 
allows another lo act into it, over the axis of which 
2c 
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be a waste of time; for the experiments proving 
its benefits wlien so employed, have now in every 
respect been most satisfactory. 

If we compare the flame of a gas-light with that 
afforded by a candle, or a lamp, its superiority is 
at once established ; and, taking the gas-lights on 

larger scale, as in a manufactory, and com- 
paring tiieir effect with that of candles, makes 
the disparity between the two appear more 
striking. The most obvious application of gas- 
lights, consists in lighting streets, shops, and 
houses : in each it is safe, economical, and 
superior, to other modes of illumination. But 
tiiere are other uses to which they might advaa> 
tageously be put, such as the supplying of light- 
houses, the lighting of barracks, arsenals, Eind 
dock-yards. 

As to gas-lights ever being introduced on board 
of ships of war, there can be little hesitation in 
observing that the thing appears totally impracti- 
cable : for, although there might not be much 
•difficulty in carrying oq the distillatory process, 
no one who is aware of the motion of a ship at 
] sea would conceive much hope of constructing a 
gas-holder to act there with uniformity. It must 
be evident, that either the pitching or rolling of 
a ship would prevent the use of a tank ; and, 
wete it possible to construct the gas-holders with- 
2c2 
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out one, the motion of the ship would give such a 
motion to the balance -weights as would force out 
the gas with a very unequal pressure, and, conse- 
quently, produce a very unsteady light, and such 
a one as must fail of being useful. In short, with 
respect to its application on board of vessels of 
war, or merchantmeo, we must despair, unless we 
can first devise some means for keeping a ship 
always on an even keel. 

As to the use of gas-light in shops, counting- 
houses, and public offices, it must be allowed a 
superiority over candles or lamps. It yields a 
pure white hght nearly equal to day-light, and at 
the same time produces such a degree of warmtii 
as almost to render a fire, in the place where it is 
burnt, useless. From ray own experience 1 am 
enabled to state that two Argand burners, each 
consuming about five cubic feet of gas in an hour, 
go sufficiently heat a room of about ten feet 
square, as to render a fire there unnecessary even 
in the depth of winter. Indeed, every one who 
has used gas-lights must be aware of their heating 
quality beyond that of candles or lamps. This 
arises fi'om their flame condensing more air than 
the flames of candles, Sfc. : the consequence 
arising therefrom, is, tlie production of a greater 
proportion of heat ; in short, a gas-light flame may- 
be so enlarged as to heat apartments of the largest 
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dimensions. Mr. Dalton, in the first volume of 
his Sifstem of Chemistry, page 76, has given a rule 
for ascertaining the comparative quantity of heat 
given out by the burning of different inflammable 
gases, and other substances capable of yielding 
flame, which I here introduce to the reader's no- 
tice, and strongly recommend for simplicity, ease, 
and accuracy : 

" Take a bladder of any size, (let us suppose, 
for the sake of illustration, the bladder to hold 
or to be equal in capacity to 30,(X)0 grains of 
water,) and, having furnished it with a stop- 
cock and a small jet-pipe, fill it with the com- 
bustible gas, the heating power of which is to 
be tried. Take also a tinned iron vessel, with 
a concave bottom, of the same capacity ; pour 
into it as much water as will make the vessel 
and water, together, equal to the above-stated 
bulk of water in the bladder, that is to say, 
30,000 grains. This being done, set fire to the 
gas at the orifice of the pipe, and bring the 
point of the flame under the bottom of tlie 
tinned vessel, and suffer it to burn there, by 
squeezing the bladder, till the whole of the gas 
is consumed. The increase of temperature of 
the water in the tinned vessel, being carefully 
noticed before and after the experiment, gives 
very accurately the heating power of the given 
bulk of the inflammable gas. 




" It WQ3 thus proved : 

" Olefiant gas raises an equal volume of 

" water 14 deg: 

■' Carburettcd hydrogen, or coal-gas ..10 

" Carbonic oxide 4 

" Hydrogen 5 

" Spermaceti oil, 10 grains burnt in a 

" lamp, raised 30,000 grains of water 5 

" Tallow 5 

" Wax 5,75 

" Oil of turpentine 3 

" Spirit oC wine 2 

The flame of the gas light ia well adapted ("or 
use in such of the processes of the arts as require 
a moderate degree of heat ; and, where mucb. 
nicety is required, it posseeses advantages not to 
be obtained from flaming fuel of any description, 
No species of fuel can be managed like it; for, 
when fuel is used, if there be a deficiency of air 
the combustion is imperfect, — there is no flame 
produced, — and the only product is an aqueoUfe 
and sooty vapour. On the contrary, too great a 
supply of air frequently causes these vapours to 
burnt out with an intensity of flame which is more 
violent than required. There is a difficulty in 
managing one, that can hardly be overcome 
whilst the other is effected with the greatest 
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I am here to observe, that to ascertain the great 
power of a gas flame, we must not content our- 
selves with experiments upon a small scale, for 
it cannot be determined by a small-sized light 
which bums quietly. In such case the air acts 
but superficially upon the flame, and that is of top 
small dimensions to produce much effect. But, 
let the dimensions of the flame be enlarged, and 
at the same time cause the light to be agitated 
with a current of air, and its heating power will 
he found most wonderfully augmented, and par- 
ticularly adapted for heating large quantities of 
matter with rapidity, and to a high degree, where 
the application of solid fuel for the purpose piay 
be inconvenient or impracticable. 




On the Coke, Tar, Jmntoniacal Liquor, l{c. produce 
Coal during ike process of Distil/alioH. 

Coke — is the caTbonaceous base of the coal 
which remains in the retort after the e^'aporable 
products have been expelled therefrom during the 
process of carbonization. The qualities of coke 
vary with the kinds of coal used, and the process 
adopted for extracting the g-aaeous and other 
products. Coals of the first class, as heretofore 
described, yield no product of coke that is useful, 
nor is that produced from those of the third class 
fit for any beneficial purpose, let either be operated 
upon in any way whatever ; — but coals of the 
second class, when the distillatory process is 
carried on for eight hours, by means of cylindrical 
retorts, such as have already been described, pro- 
duce an excellent coke, in many cases nearly of 
sufficient strength for metallurgical operations. 
When coals of this class are submitted to the dis- 
tillatory process in thin strata, the coke produced 
is light, and well adapted for parlour fires or for 
culinary purposes ; it lights easily, and burns wil 
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a cheerfulness almost equal to coal. In manufec- 
turing coal-gas, the operator will always find from 
coals of the second class an increase of coke, by 
measure, on the coals carbonized, though the 
■weight must necessarily be diminished. The 
coke is always drawn from the retort in large 
pieces, whether the coal used be large or small ; 
indeed, if the coal be but free from foreign mat- 
ter, the small is as good as the large for the pur- 
pose of generating gas. 

The heat afforded by coke is more intense than 
that afforded from coal, and it is more uniform : 
. that it should be so is very easily accounted for; we 
know that when coal is submitted to the process 
of combustion, a considerable portion of it is 
changed from a solid to a state of elastic fluidity, 
necessarily carrying off part of the caloric, with- 
out producing heat: whilst coke, having no de- 
mand of this kind, allows its heating power to 
remain unimpaired. 

Coke has, however, one inconvenience — that is, 
the producing a greater pr<ip<)rtion of ashes than 
coal. These are apt to choke up the bottom of 
the gnfe, which frequenity requires clearing, to 
allow the necessary draught for causing com- 
bustion to be perftct. 

When the heating power" of coal and coke are 
compared, it will I e found, that for ideating equal 
quantities of water to equal temperatures, in 
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vessels of like magnitude, where 80 pounds of 
coal would be required, the same might be per- 
formed by 30 pounds of coke; consequently the 
proportious will be as 3 to S. The foregoing 
Blatement is drawn from several experiments, of 
wfcich it is Uie mean, which were performed after 
ihe following simple manner: — Equal quantities 
of water were completely evaporated under equal 
surfaces and circumstances, with coal and coke, 
and the quantities of fuel used in each case care- 
fully noticed ; from whence the relative effect of 
each was ascertained, as far as regarded their 
respective powers of producing heat. When coke 
is used for domestic purposes, it is found to be 
about two-thirds as durable as coal ; or, to speak 
in other words, two chaldrons of coal are equal 
in durability to about three of coke, when used 
in the same fire-place. 

Coke may be advantageously used for burning 
lime. It has been ascertained by the Earl of 
Dundonald, that a given quantity of lime-atone 
■is burnt by a quantity of coke in one third of the 
time that it would be by using the coal from 
which the coke was made. We may account for 
this by considering that coke is deprived of the 
tar and moisture, wMch, when coal is used, must 
necessarily be thrown out, and impede the rapid 
ignition of the hme-stone. The sooner that is 
wholly effected, the better will the lime be burnt. 
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It will by coke be done in less time than by coat, 
and at less expense also. In using coke for this 
purpose, the kiln will hold nearly a third more 
lime at once, so that in every case coke is to be 
used for burning lime in preference to coal. 

It may also be used for buraiag bricks and 
baking piaster-stone. An account of its advan- 
tages, when adopted for such purposes, is given 
by Mr. Davis, in the 33d Volume of the Philo- 
sophical Magazine, from whence the following 
account is extracted: — " Tlie coke obtained in 
" the gas process is so valuable, that it appears 
" inexplicable that men should not avail them- 
" selves of this mode of procuring light, to the 
" almost total exclusion of all other methods now 
" in use. I have lately employed coke for the 
" burning of bricks. My bricks are burnt in 
" clamps, made of bricks themselves. The place 
" for the fuel or fire-place is perpendicular, about 
" three feet h'gh. The flues are formed by ga- 
" thering or arching the bricks over, so as to 
" leave a space between each of a brick's breadth ; 
" and, as the whole of the coal, if this fuel be 
" employed, must, oq account of the construction 
" of the pile, be put in at once, the charge of 
" the bricks is not, and never can be, burnt pro- 
" perly thronghout ; and the interference of the 
" Legislature, with regard to the measurement 
' of the clamp, is a sufficient inducement for the 
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" manufacturer to allow no more space for coal 
" than he can possibly spare, 

" If coke be applied instead of coal, the arches 
*' or empty spaces in the clamp or pile, as well 
" as the strata of the fuel, may be considerably 
" smaller : the heat produced in this case is more 
** uniform and more intense, and a saving of thirty 
" per cent, at least is gained. 

" la the baking my own plaster-stone 1 also 
" employ coke. The calcination of the stone 
" for manure I perform in a common reverbera- 
" tory-furnace, and the men who conduct the 
" process (who are otherwise averse to every 
" thiug new) are much pleased with the steadi- 
'• ness of the fire, and little attendance which the 
" process requires, when coke is used instead 
" of coal." 

As to the quantity of coke obtainable from a 
given quantity of coal it varies with circumstances : 
if we speak of Newcastle coals, it may be stated 
at from twenty-five to fifty per cent, by measure 
on the coals carbonized, as has already been 
noticed in the chapters " On the Retorts," and 
" On Carbonization." 

Coal Tar — is an another product obtainable 
from coal during; the distillatory process; it is so 
called from its resemblance to common tar, not 
only in appearance but many of its qualities. The 
quantity produced from a chaldron of coals has 
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already been noticed at page 194 preceding. 
The productioQ of tar from coal has been effected 
at different periods both ia this and other coun- 
tries, but without any return of profit worthy of 
notice. In the year 1781, the Earl of Dundonald 
invented a mode of distilling coal for the purpose, 
and at the same time to form coke : but it was not 
till the gas-light scheme was established that th& 
process was carried on advantageously, the former 
operators neglecting to collect the carburetted 
hydrogen evolved, which certainly is the most 
valuable of the products obtained from coal. 
Coal-tar, however, in its crude state, is not fit for 
using upon cordage : it is impregnated with a con- 
siderable portion of aramoniacal matter, which is 
destructive thereto. It may be deprived of the 
ammonia, and other foreign substances, by evapora- 
tion in open vessels, and thus rendered of such a 
consistence as to make it more lit for use. 

Should coal-tar be distilled in close vessels, it 
yields an essential oil that is known by the name 
of oil of tar. This process requires to be carried 
on with a very moderate heat, as the tar is very 
apt to boil up and endanger the safety of the still. 
During the former part of the process the product 
is chiefly an ammoniacal fluid, mixed with a con- 
siderable portion of oil, but, as it advances, the 
ammoniacal liquor lessens in quantity, whilst that 
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of oil increases, till at the last the product is pnn- 
cipally oil. These two products, though received 
into the same vessel, do not mix, and therefore 
may easily be separated by cocks fixed at proper 
heights in the receiving vessel for the drawing off 
of each. This oil possesses the ijuality of inferior 
oil of turpentine : it may be used for making 
varnishes, and for coarse out-door work. The 
tar itself, in its vmprepared state, forme a good 
coat for fencing, and for protecting out-door iron- 
work. Coal-tar distilled as abovementioned forms 
a species of pitch, and, if it has been evaporated 
in an open vessel, preparatory to being put into 
the sh'il, it is nearly equal to tliat in common use. 
This pitLh, by an additional fusion, is formed into 
a species of asphaltuni. 

From the results of experiments made on the 
distillation of about fifty tons of prepared tar in 
close vessels. I have ascertained that one gallon 
thereof, wine measure, which weighs 9^ pounds 
tvoirdupoia, produces 

6,84 pounds of pitch 
1,26 quarts of oil of tar 
and 0,46 pints of spirits of tar. 

On the subject of coal-tar, pitch, and oil of tar, 
I am to notice that, although they have not yet 
found a market, tliey are to be considered as very 
effectual substitutes, in many cases, for tar, pitch, 
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and oil of turpentine, and will doubtiess be so 
acknowledged if once they are allowed a fair and 
unprejudiced trial. 

Ammoniacal Liquor. — ^This product has been 
manufactured into muriate of ammonia, and some 
species of salts, but there has not yet been found 
a sufficient demand for the quantity so manu- 
fectured. The quantity of this liquor obtained 
from a chaldron of coals has been stated at page 
194 of this work ; it is chiefly composed of sul- 
phate and carbonate of ammonia. 
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On the Tendency of the Gas-light Scheme towards promoting 
the Coasting Trade. Where Gas-light is most economically 
used. Its Sn/ett/. — Remarks on arranging a Statioii.~~ 
Recapitulation of the Process for generating Gas. — Mr. 
Onthett's Apparatus. — Mr. Ma/am'i Retorts. — Con- 
ciasion. 

It will not be necessary here to take into con- 
sideration the slowness with which new, and 
frequently useful, inventions are adopted by the 
Public; for in such respect the gas-light scheme 
i& most decidedly an exception. It has already 
been noticed with what avidity gas-light has al- 
most every where been called for : still the sys- 
tem is spreading daily in every direction. 

If a nursery for seamen is worthy of attention, 
the gas-light system promises fair for forming it, 
as such it may be recommended to notice : for 
we know that coasting vessels supply ten times as 
many seamen to the Navy in time of war as are 
furnished from the Greenland ships. The greater 
consumption of coals in the manufacture of car- 
buretted hydrogen gas will call for more hands in 
the coasting trade than are employed in the 
fisheries; and every one, knowing any thing of 




ttie alertness and discipline on board our ships of 
war, will allow that there are no better seamen in 
the na%'al service than such as have served their 
apprenticeship to the sea in colliers and coasting 
vessels. But the adoption of gas-light even on 
the most extended scale is not hkely totally to 
supersede the use of tallow or of oil ; for there 
are cases where such must be used in preference, 
at least till such time as means are adopted for mak- 
ing the light afforded by gas a transferable one. 

Gas-light cannot be manufactured with eco- 
nomy on a small scale, such for instance as where 
but three or four lights are wanted : it is in the 
large way where the profits arising are most per- 
ceptible. Id manufactories, and for lighting 
streets, it is most advantageously employed ; but, 
in the latter case, were only the parish lamp* 
lighted, it would not be attended with much profit. 
To make it answer the manufacturer's views he 
ought also to light shops, and the interior of 
private houses, from the same range of main-pipe 
as supplies the street lights. 

The price of coals can make but little difference 
in the price of the gas; for where coals are plentiful 
it follows that they will be cheap, so will also the 
coke ; but where coals are dear the coke will also 
fetch a higher price, and find a more ready 
market. 

In adverting to the safety of this species of 
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an idea of the process, I shall briefly recapitulate 
what has been already stated in the respective 
chapters of this work which treat on the ma- 
chinery : but before 1 do so it may not be amiss 
to point out the relative situation of the different 
apparatus. If we suppose the boundary lines of 
the manufactory such as to form a square, it would 
be adviseablc to have the entrance about raid- 
way of one of the sides. At one side of tlie gate- 
way there might be erected a house for the officer 
superintending the works, and at the other another 
of similar appearance, fitted up for the different 
offices. The retort-house should stand with one 
of its ends near the entrance, and the chimney 
should be placed at the other. A sufficient space 
should be left to allow a team to pass entirely 
round the retort-house, to prevent the necessity of 
turning in the yard, which, when confined, is at- 
tended with inconvenience. It would be well to 
have a range of buildings on each side of the re- 
tort-house running parallel thereto, and contigu- 
ous to the boundary lines : that on one side being 
fitted up so as to allow the lower pan to form 
stores for castings, and heavy stores, and the 
upper for work-shops for the mechanics and for 
small stores. The other building might be di- 
vided so as to form stores for coal and coke in the 
lower part, and above for other products. Be- 
yond the retort-house might be placed the cod- 
2»S 
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This process goes on continually till the retort is 
destroyed. The gas, tar, and ammonia, having 
descended into the hydraulic main, they are con- 
veyed away from it, by means of cast-iron pipes, 
towards the condenser, and, having passed through 
that vessel, the tar and ammoniacal liquor enter 
into the tar-cistern, whilst the gas passes into 
the purifier, where it undergoes a process for de- 
priving it of the sulphuretted hydrogen gas and 
carbonic acid gas evolved with it. It then passes 
through the gas-meter, in order that the quantity 
made may be registered, on its way to the gas- 
holder, and, entering that, it is stored up till 
wanted for use. As the action of each part of 
the apparatus has been already described, the 
reader by referring to the respective chapters, 
after reading what has just been recapitulated, 
can hardly fail of fully understanding the subject. 
In order that I may fulfil my promise of speak- 
ing of the inventions of ingenious men, I am here 
to observe, that since the Chapters on the Retorts, 
Condenser, and Purifier were printed, I have 
been favoured by Mr. Onthett with a sight of the 
various drawings of gas apparatus for which he 
has obtained a patent. Of his gas-holder I have 
already spoken ; I am now brietiy to notice the 
other parts of his apparatus. His retorts are so 
modified as to be likely to possess durability and 
usefulness. I should have uo hesitation in de- 
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of gas to a chaldron may be accounted for. With 
a trivial variation, Mr. Onthett adopts the square 
and elliptical retorts for performing a similar 
operation, and his plans pronnise fairly for answer- 
ing the end he has in view. In all the different 
kinds of retort he introduces the charge in boxes, 
for effecting which he has a moveable frame which 
traverses in front of the retorts, and being brought 
in contact with any one wanted to be drawn, the 
catches upon the frame clip over an end of the 
box, and it is drawn entirely out upon the frame. 
Another motion turns the box over and allows the 
coke to fall out of it. It is then re-charged, and 
again introduced into the retort, in order that the 
coals it contains may be submitted to the dis- 
tillatory process. The boxes being thus con- 
tinually heated, do not suffer from the contraction 
and expansion which would follow from their 
being allowed to become quite cold, and are, 
therefore, more likely to increase in durability. 
By this mode of operation the labour is much 
decreased, and the benefits which arise from it 
are many, and of great importance to the manu- 
facturer. 

Mr. Onthett does not use the H pipe; instead 
thereof the connecting-pipe from the retort pro- 
ceeds upwards to the height of about five feel, 
where it baa a socket for receiving auother pipe, 
of a syphon shape, one end of wliich is jointed 




divisional plate, descending nearly to the bottom 
of the vessel : hence, the gas, after entering, must 
pass entirely round the outer cone hefore it can 
escape ; the opening of exit being at that side of 
the plate just mentioned, which is opposite to the 
opening of entry. The interior of the top of this 
purifier is an inclined plane. The top is not fixed, 
as in the ordinary vessel, but suspended from a 
beam laying across the centre at a sufficient height 
above it to allow the top to be raised, so that it 
will admit the vessel to be cleaned out whenever 
it may be necessary. For removing the top, the 
wheel which is used when the vessel is in action, 
is put into gear with another for performing that 
office, and thus it is effected with a facility hardly 
to be conceived. To prevent an escape of gas from 
the topof this purifier, Mr. Onthett attaches thereto 
a rim of plate-iron, nearly of the same depth as 
the outer vessel, which, of course, when the 
vessel is in action, is lowered so deep into the 
purifying mixture as to form an hydraulic joint. 
The supplying vessel to this purifier is so con- 
structed as to allow the purifying mixture to 
enter with any required velocity. Thus, the 
charge can be introduced all at one time, or it 
may be continually entering: in the latter case, it 
is evident that there must be some contrivance 
for taking the impure lime away, which Mr. 
Onthett has also effected. 
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In addition to these improvements in ga&-light 
apparatus, which are so well worthy the attention 
of the manufacturer, Mr. Onlhett has also con- 
structed a valve, which, for safety of operation, 
cannot be excelled, lie had, from a very just 
mode of reasoning, conceived that in the use of 
the single hydraulic valve there was much pro- 
babiiity of the water being blown out of the cup 
when shut or opened, and that therefore it would 
soon be rendered less eftective than intended: for, 
when the cup is lifted to a distance from the sur- 
face of the water, less than the pressure at which 
the gas-holder is worked, the water is forced out 
of the lower cup. If the reader refers to Plate X. 
Figure 2, the description of Mr. Onthett's hydro- 
pneumatic valve will be made more easy. Its 
outward appearance is very similar to that figure ; 
it has, however, only a single cup. The gas 
enters into the valve, and is discharged from 
thence, in the same way as was described when 
speaking ofMr. Malam's double hydraulic valve, 
of which the figure alluded to is a section. Below 
the centre of the interior of the upper cup, is a 
plate which is lowered down upon the top of the 
inferior cup, by means of a screw which effecls a 
gas-tight joint. The action of another screw then 
lowers the cup, and thus the valve is secured, 
both pneumatically and hydraulically. The pneu- 
matic seahng of the valve being first effected, the 
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passage of the gas is stopped, and thus the hy- 
draulic sealing of it can he accomplished without 
any danger of displacing the water. When it is 
to be opened, the cup is first lifted, and after- 
wardB the plate raised. It is evident that this 
contrivance answers the desired end, without 
leading the manufacturer into needless expense, 
or occupying so much room as many of the valves 
now in use. This valve is well adapted for use 
in the manufactory, and may be relied upon as 
trust-worthy in any other situation. 

Having led the reader through the different 
stages of the process for generating and dis- 
tributing gas, and, I hope, fulfilled my promise 
made in the Introduction; I am now to notice, 
that, since writing the Chapter on Retorts, the 
value of Mr. Malara's have been stamped at the 
Peter-street gas-works, by a trial on fifty : the 
result of which has induced the managers of the 
concern to order a sufficient number for gene- 
rating the gas wanted for use at that station. 
Thus, it appears probable that Mr. Malam's mode 
win supersede others which have been adopted 
to answer a similar end, that of submitting the 
coal in thin strata to the distillatory process. 
The performance of his retorts, even on an ex- 
tended scale of operation, has more than verified 
my former statement ; they are decidedly superior 
to any other at present used. That it has token 
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SO long a time to bring them forward is not very 
surprising, it' we consider the immense sums which 
have been expended ia experiments by the Char- 
tered Gas-Light and Coke Company, — many of 
which have tended to no useful purpose. From 
dear-bought experience, the directors of that 
company have learnt the fallacy of many preten- 
sions, and thence things of real merit are received 
with a caution that can hardly be blamed. In 
this case, however, if they had reasoned from 
analogy, they need not have taken two years to 
consider whether the elliptical retorts were likely 
to answer. They had, at a great expense, proved 
the advantages resulting from pursuing the mode 
of distillation effected by similar means, as far as 
related to the generation of gas, and thence might 
have drawn a proper conclusion. 

To conclude ; — I am to observe that, although 
'much has been already done towards promoting 
the progress of this new science, still there is 
much remaining unaccomplished : a wide field is 
yet open for improvement, into which, it is to be 
hoped, men of science will deign to enter ; and, 
by their exertions, dispel those clouds with which 
empiricism has veiled it. 
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given number of candles .., 382 

should be well purified to produce a good light •••... 384 
Gas-humerp how to ascertain the illuminating power of .. 19 
different intensities of light obtainable from at different 

times 303 

account of different improvements in the manufacture of 308 

when used without a glass, action of. 309 

glass tised with, the best shape for ib. 

ArgjUid shank, described ^ 310 

crutch, described • . . • « it. 

No. 4, dimensions of ; . ^ . . « , . . , 311 

No. 6, dimensions of ib. 

ibr street-lights, description and dimensioiDS f>t»» 312 

bat's-wing, description of , ••.••«•••••• ib. 

upright socket for 313 

elbow socket for , . « , ib. 

with askiglejetof flame 312 

yielding three jets of ffame • ib. 

producing eight jets of flame ib, 

GaS'Conductors, remarks upon the diameters of 182 
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Gas<onductors, why the diameters of should be enlarged • • 182 

Gas-holder f (Gasometer) its use 220 

sizes of those in general use f6. 

when spoken of, how to be considered as constructed • • ibm 

how the gas is prevented from escaping out of it ik 

suspended over two grooved wheels • 221 

balance-weight for, the use of ib. 

to produce a proper light, at what pressure to be worked i6. 
an equilibrium can be effected between it and the balance- 
weight 16. 

how to ascertain the pressure at which it works •••••» 222 

pressure of» how to be regulated t^* 

one of its uses to regulate the emission of gas ib* 

weight of increases as it rises ••• 225 

some contrivance necessary for making the pressure 

equal at all heights of its rise ••• ib. 

equality of pressure how effected in the iirst period of 

the scienee 224 

equality of pressure effected by the chain of suspension t^. 
rule for ascertaining the weight of the chain for effecting 

an equal pressure, with examples thereon 225 

of 15,000 cubic feet capacity, how constructed 242 

formerly encumbered with wooden frames or iron stays tb. 

cannot be constructed too light* 243 

Mr. Clcgg's method of working without the specific 

gravity apparatus ••« 244 

Mr. Clegg*s, just noticed, requires to be used with a 

regulator , ••••••••••• 245 

Mr. Clcgg's revolving one described 247 

action of the balance-weight of Mr. Clegg's revolving one 249 
description of the action of Mr. Clegg's revolving one . . 250 
the revolving one reflects considerable credit on the 

inventor 25 1 

I lilt for ascertaining capacity of 252 
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GMS-koUer^ cylindrical, on the ordinary principle, described. 253 
cylindrical, Mr. Malam's mode of constniction, with 

upright shaft 254 

on Mr. Malfun's plan constructed at less expense than 

on the ordinary principle ••• 256 

Mr. Malam's, for woricing without the specific grarity 

apparatus, described ib. 

rule for finding dimensions of an air vessel to work it 

with 258 

example to find dimensions of an air Tessel 259 

compensating apparatus for one working with an air 
vessel on Mr. Malam's principle, described, with 
rules for ascertaining the necessary dimensions . • • 260 
finding dimensions of its compensating apparatus exem- 
plified by an example 262 

action of Mr. Malam*s for working with an air vessel 

described 265 

Mr* Malam's, with an air vessel, may be recommended 

for use 265 

Mr* John Perks takes out a patent for one with an air 

vessel •••*«••.- •••••••• t^. 

Mr. John Onthett's patent one described •••.• ib. 

collapsing, one of Mr. Clegg*s invention t6. 

patent obtained for one by Mr. Wm. Stratton for doublmg 

its capacity in the ordinary tank 26$ 

efiects produced by working it at too light a pressure • • 301 

Ga94ighif produces no smoke •••••••« • 97 

emits no sparks ••••• t^. 

not so dangerous as candles and lamps ••••• ib. 

not liable to be put out by sudden gusts of wind or 

heavy rain ••••• ib. 

to whom the merit of bringing it into notice, as a sub* 

stitute for other lights, is due ••••• ib, 

scheme has rapidly extended # 102 
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(Jtu-lighl, called tot uilh avidity, almukt every HUtM: lOH 

its iiuperiui'iiy over other artiiiciul ligUlt, wbeiicc it 

arisi-s 383 

liow managed, ui as to jiroduct: ililTttviil iiitciiiiilieii of 

ligfit 385 

exceedingly applicable lor light- ho uties ib. 
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its mosl obvious applic&liun 387 
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heatiog power of 388 
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saiety of, considered. ib. 

process of procuring, retapitulatcd - 402 

flame of, well ailapted for use in various processes of 

the arts 390 

its great power not lo be ascertained by ex- 
periments on B small scale 391 
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notice ......'•..• 87 
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paratus of 403 
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useful inventtone are generally adopted by the 

Public 400 
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nursery fur seamen,. ib. 
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Gas'MetcTy history of its grigin , 315 

Mr. Clegg*s first ODe described •••••• 317 

ineiective 318 

Mr. Clcgg*s patent rotary one described ib. 

Mr. John MaUm submits one to the gas-lighl com- 
pany 32a 

its usefulness for ascertaining the quantity of gas 
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might be placed so as to work agitators of purifying 

vessels •••• 334 
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rule for ascertaining the power of ••••••••• 336 

rule for comparing the power of a meter with that of 

a man, 4'C ••••••■ »••»• 338 
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frauds attempted in the use of, easily detected 346 
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Mr. Malam*s contrivance for shutting off supply, in the 

event of water sinking. ••»»••••••••• 348 

its use advantageous to the maiiufactuier. •,•••.. . •-• • » 349 

consumer ••»...,•»«•••>•'• 350 
so simple in constructioa as to preclude all possiMity 

of getting out of order ., • r*. 351 
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Goi'Meter^jai oraament to a shop or a parlour 35 1 

great accommodation to the consumer of gas t^. 

the patent one of Mr. Clegg's invention compared with 

Mr. Malam*8 • 352 

Owemor — ^invented by Mr. S. Clegg, its description and use 356 

Gra/e»--on the size of ^6 

HakSf Dr.— made chemical experiments on pit-coal •••••• 9^ 

Heat'-^ow to cause the greatest proportion of to be thrown 

into a room 73 

HtnrySf Dr. ^.—account of Mr. Murdoch's discoveries 

and experiments on pit-coal 9^ 

results of experiments on the quantity of oxygen re- 
quired for burning different species of carburetted 

hydrogen gas 383 

Hydraulic Afam-^escription of 176 

use of , 177 

section of described j^. 

advantages arising from the use of , . • • 178 

remarks relative to the pressure thereon , 179 

with the dip-pipesy form a series of hydraulic joints . . 180 

importance of its being well constructed t&. 

gas therein has exploded 181 

to be kept as distant from the retorts as possible ib, 

Jfivfn^fofi— merit of, on what it principally rests 243 

Ktmp'Sy Mr. Matthew — ^purifying vessel described 206 

Lmp«-— quality of combustible material for 8 

use of the wick of .,.•... 9 

with a large wick produce much smoke 11 

Lea(2— objections to jointing main-pipes with, refuted. 286 

L€ad Pipe — not to be used as services •..•••'•'••• 307 



% 



INDEX. 429 

Pag* 

Lt Bon, M. — poinU out in France the application of gas^ 

light, and obtains a patent 102 

Lightj Artificial — from whence it arises 2 

rule to be adopted for producing the greatest quantity 

at the least expense t^. 

how much of its effect is lost 3 

resources in this country for supplying it 87 

Light — proportions of, afforded by candles when newly 

snuffed, and when requiring snuffing »,• 4 

forms a constituent part of some bodies t6. 

evolved by artificial means, whence derived t^. 
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at all distances from it, explained by a figure . « . « 15 
strength of, decreases in proportion with the distance 

from the point of divergency 15 

afforded by candles of diferent sizes, or other luminous 

bodies, rules for ascertaining proportion of 30 

Light-Houses — might be furnished with a better light by gas 
than in the ordinary way of lighting, and at less 

expense 386 

Ume^ hundred — compared with the Winchester bushel • • • • 219 

LimCf gincA:— doubles its bulk by slacking ib, 

Liverpool lamp — how the principle on which it is constructed 

might have been suggested 44 

its effect • • • • • • t5. 

JJandqff the Bishop o/^— examines the qualities of products 

obtained from coal • 94 

Lhydf Messrs, of Queen-street ^ Soutkwark — use gas-light for 

suldering 108 

Mttiben'Sy Mr, of Pfr^^— observations on the distillatory 

process; his retort, &c 120 

MainrPipes-^okok evidently laid without the attention requisite 283 
errors in laying of, whence originating* • • • • # ib> 
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they should be arranged 284. 

when to be laid steps necessary to be taken ib. 

how diameters should be arranged 285 

socket described ••• • 286 

how jointed together •••«•.....• t6. 

remarks upon different modes of joining t6. 

dimeiisioos of the sockets of 2SS 

Roman cement used for making good the joints of 

socket-pipes 289 
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how joined together 290 
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branches, description and use of 291 

outlets, description and use of • • ib, 

diminishing, description and u^e of t^. 

bend, description and use of ib. 
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socket-weights of those used 294 
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better supply of gas from, in elevated than in low situations 297 
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how proved effectual ib» 
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exhibits a model of a gas-meter 320 

gas-meter^ invention of, disputed by Mr. Clegg 321 

first gas-meter on the princi[^ of Archimedes' screw. . ib. 

gas*-mcter described 322 

improved gas-meter described 327 
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in the event of water sinking 347 
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compared with Mr. Clegg*s governor 363 
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and hydraulic main 407 

patent condenser noticed 408 

patent purifier ■ >&• 

hydro-pneumatic valve 410 

OtUlet Pipe — descriptioa and use of 291 

Pabntr, Mr. G. H. — obtains a patent for purifying coal-gas, 

by pasBDg it through red-hot iron tubes 213 

hi* purifying apparatus and the action of described. ... i&. 

how to be managed 217 

is adopted at Macclesfield 21B 

perfectly safe in its action ih. 

Po-i*'*, JIfr. /o4n— patent retorts described 188 
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Perks's, Mr. John — patent retorts, when they may be used. • 129 

patent condenser of described •••••• 187 

description of sections of ipi 

remarks on the merits of , 192 

patent gas-holder working with an air-vessel noticed • • ^65 

introduces the union-joint 312 

FhilUpSj Mr, JR.— obtains a patent for purifying coal-gas by 

dry lime 213 

Pit-^oal, contains solid hydrogen, carbon, and oxygen .... 370 

in the process of distillation produces carbonic acid. . . • ih, 

carbonic acid gas t^. 

carburetted hydrogen gas ib. 
Piichf quantity of, produced from a gallon of coal-tar by 

distillation 398 

Pressure^ frequently confounded with weight ••••.» 226 

of fluids on vessels having equal bases but of different 

capacities, exemplified by an experiment 234 

on every square inch in the tank, how ascertained .... 245 
effects produced by working the gas-holder at too light 

a one • 301 

Purification of coal-gas, why it should be properiy performed 202 

general modes of performing the operation of 203 

by lime in solution, how first effected ib. 

various opinions relative to 207 

effected by Mr. Malam's treble purifier 208 

attempted by lime in a semifluid state 212 

attempted by dry lime 213 

effected by passing it through heated metal tubes ib, 

lime to be used for effecting it 219 

Mr. Onthett*8 mode for effecting 408 

Purifying^vesielj the pressure it is worked at explained • • . • 179 
necessity of means being adopted for giving notice of any 

impediment to its Action 180 

square or parallelopipcdal, why not equal to round one 206 
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Purifying-ve9sely that invented by Mr. Kemp noticed 206 

invented by Mr. Malam described ••••• 208 

invented by Mr. Onthett 408 
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Reiort deftctire, description of a mode for removing it • • • • 140 
Retott, cost of setting on the flue plan, four being healed by 

one fire •••••• ••••••••• ••••••••• l6l 

cost of resetting ib. 

comparison between the expenses of, when worked at 

six and eight hours* processes « l62 
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comparison between the annual expense of cylindrical 
and elliptical ones, Uie same cfuantity of gas being 

generated by each .•••• ••• 174 

differeut kinds used • ..••.• 109 

circular, description of • • • • ib, 

performance of^ when 8C( (wo to one fire no 

description of the method of setting them . . 1 3 1 
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observations on the ill effects of setting such, so 
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when set four to one fire, the advantage of 
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setting on the oven plan, and performance 

when so set • . • • 116 

method of setting fivej so as to be heated in one 

oven by three fires «••,••••••••.••••• 133 

cylindrical, durability of, under di^bnent modes of work- 
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comparison between and eUipticalj or rotary 

retortSi as to the gas generated by each ib. 
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disadvantages attending the use of • « • 127 
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